This  is  a  digital  copy  of  a  book  that  was  preserved  for  generations  on  library  shelves  before  it  was  carefully  scanned  by  Google  as  part  of  a  project 
to  make  the  world's  books  discoverable  online. 

It  has  survived  long  enough  for  the  copyright  to  expire  and  the  book  to  enter  the  public  domain.  A  public  domain  book  is  one  that  was  never  subject 
to  copyright  or  whose  legal  copyright  term  has  expired.  Whether  a  book  is  in  the  public  domain  may  vary  country  to  country.  Public  domain  books 
are  our  gateways  to  the  past,  representing  a  wealth  of  history,  culture  and  knowledge  that's  often  difficult  to  discover. 

Marks,  notations  and  other  marginalia  present  in  the  original  volume  will  appear  in  this  file  -  a  reminder  of  this  book's  long  journey  from  the 
publisher  to  a  library  and  finally  to  you. 

Usage  guidelines 

Google  is  proud  to  partner  with  libraries  to  digitize  public  domain  materials  and  make  them  widely  accessible.  Public  domain  books  belong  to  the 
public  and  we  are  merely  their  custodians.  Nevertheless,  this  work  is  expensive,  so  in  order  to  keep  providing  this  resource,  we  have  taken  steps  to 
prevent  abuse  by  commercial  parties,  including  placing  technical  restrictions  on  automated  querying. 

We  also  ask  that  you: 

+  Make  non-commercial  use  of  the  files  We  designed  Google  Book  Search  for  use  by  individuals,  and  we  request  that  you  use  these  files  for 
personal,  non-commercial  purposes. 

+  Refrain  from  automated  querying  Do  not  send  automated  queries  of  any  sort  to  Google's  system:  If  you  are  conducting  research  on  machine 
translation,  optical  character  recognition  or  other  areas  where  access  to  a  large  amount  of  text  is  helpful,  please  contact  us.  We  encourage  the 
use  of  public  domain  materials  for  these  purposes  and  may  be  able  to  help. 

+  Maintain  attribution  The  Google  "watermark"  you  see  on  each  file  is  essential  for  informing  people  about  this  project  and  helping  them  find 
additional  materials  through  Google  Book  Search.  Please  do  not  remove  it. 

+  Keep  it  legal  Whatever  your  use,  remember  that  you  are  responsible  for  ensuring  that  what  you  are  doing  is  legal.  Do  not  assume  that  just 
because  we  believe  a  book  is  in  the  public  domain  for  users  in  the  United  States,  that  the  work  is  also  in  the  public  domain  for  users  in  other 
countries.  Whether  a  book  is  still  in  copyright  varies  from  country  to  country,  and  we  can't  offer  guidance  on  whether  any  specific  use  of 
any  specific  book  is  allowed.  Please  do  not  assume  that  a  book's  appearance  in  Google  Book  Search  means  it  can  be  used  in  any  manner 
anywhere  in  the  world.  Copyright  infringement  liability  can  be  quite  severe. 

About  Google  Book  Search 

Google's  mission  is  to  organize  the  world's  information  and  to  make  it  universally  accessible  and  useful.  Google  Book  Search  helps  readers 
discover  the  world's  books  while  helping  authors  and  publishers  reach  new  audiences.  You  can  search  through  the  full  text  of  this  book  on  the  web 

at  http  :  //books  .  google  .  com/| 


Digitized  by  LjOOQ IC 


Xtbrari? 

of  tbe 

innivereit!?  of  Mieconein 


Digitized  by  VjOOQIC 


6*c-^ 


Digitized  by  LjOOQ IC 


0  - 


Digitized  by  LjOOQ IC 


Digitized  by  LjOOQ IC 


Digitized  by  LjOOQ IC 


Digitized  by  LjOOQ IC 


C.    MARSHALL   TAYLOR 
President.    1921 


Digitized  by  LjOOQ IC 


PROCEEDINGS 


OP  THE 


Seventeenth   Annual   Meeting 

OF  THE 

AaBoriatuwt 


HOTEL  SAINT  FRANCIS, 

SAN  FRANCISCO,  CAL. 

JANUARY  25,  26,  27,  1921. 


Digitized  by  VjOOQIC 


Copyright,  1921 

By 

American  Wood-Preservers'  Association 


CHA8.   H.   POTTCPI  A  CO..   INC 
WASHINGTON.   D.  C 


Digitized  by  LjOOQ IC 


272799 

m  15  1924 

s 

^H3%  CONTENTS 

l^^\  (*)  Illustrated, 

Page 

Constitution  5 

Past  and  Present  Officers 12 

Meetings   , 13 

List  of  Officers  and  Committees 14 

List  of  Members , 16 

Seventeenth  Annual  Meeting 

Opening  Session 33 

Address  by  Mayor  James  Rolph 33 

Report  of  Secretary-Treasurer ,  37 

Attendance  at  Meeting* 41 

President's  Address 44 

Report  of  Committee  No.  3 — Promotion  and  Education 46 

Service  Bureau 47 

Report  of  Committee  No.  4 — Preservatives 50 

Results  of  Some  Tests  of  the  Effect  of  Zinc  Chloride  on  the 
Strength   of   Wood;    T.    R.    C.    Wilson   and    Ernest 

Bateman —  80 

The  Effect  of  the  Zinc  Chloride  Process  of  Preservation  on 

the  Strength  of  Structural  Timber;  H.  B.  Luther* 89 

Report  on  Water-Gas  Tar;  W.  H.  Fulweiler —  115 

Cresoil;  R.  G.  Smith* 134 

Report  of  Sub-Committee  No.  7-1-Track 148 

Report  of  Committee  No.  7-01 -Economics 174 

Treatment  of  Mine  Timber;  L.  W.  Conrad 181 

Report  of  Sub-Committee  No.  7-3-1 -Flooring 183 

Report  of  Sub-Committee  No.  7-3-2-Paving 183 

Creosoted  Lumber  in  Connection  With  the  Farm  and  Ranch; 

E.  A.  Lindsley 185 

Report  on  the  San  Francisco  Bay  Marine  Piling  Survey* 189 

Factors   Controlling  the  Distribution  and   Ravages  of  the 

Marine  Borers;  Charles  A.  Kofoid* 327 

Report  of  Committee  on  Industrial-Tie  Service 350 

History  and  Growth  of  the  Treated  Wooden  Silo;  Keller  J. 

Bell    352 

3 


Digitized  by  LjOOQ IC 


4  Seventeenth  Annual  Meeting 

Page 
Report  of  Committee  No.  6-3-Specification  for  Treatment  of 

Creosoted  Douglas-Fir  Paving  Blocks 358 

Treated  Lumber  for  Insulating  Roofs  of  Moist  Factories; 

F.  J.  Hoxie* 362 

History  of  Wood  Pipe  and  Some  Data  on  its  Use;   E.  J. 

Bartells* 369 

Creosote   Treatment  for   Douglas-Fir  Pipe   Staves;   H.   E. 

Horrocks 381 

Report  of  Commitee  No.  5-1-1-Fir  Ties* 384 

Experiments  with  Butt-Treated  Poles  in  California;  P.  R. 

Hicks 390 

Service-Tests  of  Treated  and  Untreated  Fence  Posts;  J.  D. 

MacLean 401 

Wood    Preservation    as    a    Conservation     Policy;     Walter 

Buehler 428 

Localized  Pressure  Treatments;  Ernest  F.  Hartman* 440 

Report  of  Committee  No.  6-2-Adzing,  Boring  and  Perforat- 
ing Layouts*  465 

Use  of  Creosoted- Wood   Conduit  on  Pacific  Coast;   C.  H. 

Judson  and  E.  Wismer* *  482 

Report  of  Commitee  No.  5-5-1-Pressure  Treatments 493 

Report  of  Commitee  No.  5-5-2-Non-Pressure  Treatments 499 

A  Theory  on  the  Mechanism  of  the  Protection  of  Wood  by 
Preservatives — Part  II:  The  Isolation  of  Barren  Oil 
from  Coal-Tar  Creosote  and  a  Mathematical  Proof  of 
the  Existence  of  a  Solubility  Partition;  Ernest  Bate- 
man*    506 

Report  of  Committee  No.  6-4-Switch-Tie  Yards* 514 

Report  of  Committee  No.  5-9-Inspection 523 

Report  of  Committee  on  Resolutions 538 

Meeting  Place  for  1922 642 

Quantity  of  Wood  Treated  and  Preservatives  Used  in  the 

United  States  in  1920;  R.  K.  Helphenstine,  Jr.* 646 

Wood-Preserving  Plants  in  the  United  States,  Canada  and 

Mexico 670 

Mileage  of  Steam,  Horse  and  Electric  Railways  in  the  United 

States    - 575 

Contents  of  Proceedings  in  Previous  Years 576 


Digitized  by  LjOOQ IC 


American  Wood- Preservers' 
Association 

CONSTITUTION 

(Amended  1912,  1915,  1916,  1920) 


ARTICLE  I 
Name  and  Objects 


Section  1.    The  name  of  this  Association  shall  be  the  American 

WOOD-PBESEatVERS'  ASSOCIATION. 

Section  2.  The  objects  of  the  Association  shall  be  the  promotion 
of  knowledge  of  the  materials,  methods,  and  principles  involved  in 
the  economic  design,  location,  construction,  maintenance,  and  opera- 
tion of  wood-preserving  works ;  the  standardization  of  specifications 
for  wood  preservatives  and  for  their  introduction  into  the  material 
to  be  preserved ;  and  the  maintenance  of  high  standards  of  business 
ethics  in  the  wood-preserving  industry. 

Section  3.  The  means  to  be  used  for  these  purposes  shall  be 
meetings  for  the  presentation  and  discussion  of  reports  of  the  ex- 
periences and  investigations  of  its  members  and  others,  for  the 
interchange  of  ideas,  and  for  social  intercourse;  the  publication  of 
desirable  information;  and  co-operation  with  organizations  or  indi- 
viduals in  work  affecting  wood-preserving. 

ARTICLE  II 
Membership 

Section  1.  The  Association  shall  consist  of  Corporate,  Associate, 
Probate,  and  Honorary  members. 

Section  2.  A  Corporate  Member  shall  be  an  executive,  an  admin- 
istrator, or  an  operative  in  a  wood-preserving  organization;  an 
officer  of  a  public-utility  corporation  using  treated  wood  whose 
duties  cover  the  purchasing,  inspecting,  treating,  or  distribution  of 
such  material;  a  chemist  or  an  engineer  in  the  employ  of  a  city, 
county,  state,  nation,  or  public-utility  corporation;  a  consulting 
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chemical,  civil,  electrical,  forest,  or  mechanical  engineer;  or  a  pro- 
fessor or  an  instructor  in  an  institution  of  learning. 

Section  3.  An  Associate  Member  shall  be  any  person  or  associa- 
tion of  persons  interested  in  wood  preservation  or  in  the  sale  of 
material  qr  equipment  used  in  the  wood-preserving  industry. 

Section  4.  A  Probate  Member  shall  be  an  employe  of  a  wood- 
preserving  or  inspecting  organization  who  is  not  eligible  for  Cor- 
porate Membership. 

Section  5.  An  Honorary  Member  shall  be  a  person  of  acknowl- 
edged eminence  in  Ihe  wood-preserving  industry  or  the  sciences 
relating  thereto. 

Section  6.  Corporate  Members  shall  have  all  the  rights  and 
privileges  of  the  Association. 

Section  7.  Associate  Members  shall  have  all  the  rights  of  Cor- 
porate Members,  except  those  of  voting  or  holding  office.     • 

Section  8.  Probate  Members  shall  have  all  the  rights  of  Corpo- 
rate Members,  except  those  of  voting  or  holding  office,  for  five 
years  from  the  date  of  their  admission,  when  their  status  shall  be 
determined  by  the  Executive  Committee. 

Section  9.  Honorary  Members  shall  have  all  the  rights  of  Cor- 
porate Members,  except  that  of  holding  office,  and  shall  be  exempt 
from  the  payment  of  dues. 

ARTICLE  III 

Admissions  and  Expulsions 

Section  1.  Applications  for  membership  and  resignations  from 
membership  shall  be  transmitted  to  the  Secretary-Treasurer,  the 
former  on  a  form  prescribed  by  the  Executive  Committee  and  en- 
dorsed by  a  Corporate  or  an  Honorary  Member.  The  Secretary- 
Treasurer  shall  forward  a  copy  of  each  application  for  membership 
to  each  member  of  the  Executive  Committee,  the  affirmative  votes  of 
a  majority  of  whom  shall  admit  the  candidate. 

Section  2.  Proposals  for  Honorary  Membership  shall  be  made 
by  at  least  ten  members,  none  of  whom  shall  be  a  member  of  the 
Executive  Committee.  The  nominee  shall  be  declared  an  Honorary 
Member  if  he  receives  the  unanimous  vote  of  the  Executive  Com- 
mittee or  the  votes  of  two-thirds  of  the  Corporate  and  Honorary 
members  present  and  voting  at  an  Annual  Meeting;  provided,  how- 
ever, that  there  shall  be  no  election  to  Honorary  Membership  when 
such  election  would  make  the  total  number  of  Honorary  Members 
greater  than  three  per  cent  of  the  total  number  of  Corporate 
Members. 
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Section  3.  Any  member  of  the  Association  who  resigns  while'  in 
good  standing  may  be  reinstated  without  paying  a  second  admission 
fee,  provided  his  application  is  approved  by  two-thirds  of  the 
Executive  Committee. 

Section  4.  For  unbecoming  conduct  a  member  may  be  expelled 
by  the  votes  of  two-thirds  of  the  Corporate  and  Honorary  Members 
present  and  voting  at  an  Annual  Meeting,  after  the  member  has 
been  served  with  written  particulars  as  to  his  offense  by  the  Execu- 
tive Committee,  and  had  an  opportunity  to  be  heard  by  it  or  by  the 
members  at  an  Annual  Meeting. 

Section  5.  The  Executive  Committee  shall  accept  the  resigna- 
tion, tendered  in  writing,  of  any  member  whose  dues  are  paid. 

ARTICLE  IV 
Dues 

Section  1.  On  admission  to  the  Association,  members  shall  pay 
fees  as  follows:  Corporate  Members,  $10.00;  Associate  Members, 
$15.00;  Probate  Members,  $5.00,  which  shall  include  their  first  dues. 

Section  2;  The  annual  dues,  payable  during  the  first  two  months 
of  the  calendar  year,  shall  be  as  follows:  Corporate  Members, 
$10.00;  Associate  Members,  $10.00;  Probate  Members,  $5.00. 

Section  3.  Members  admitted  after  March  31  shall  be  exempt 
from  the  payment  of  dues  until  the  following  January  1,  unless 
they  desire  to  vote  or  to  receive  the  current  publications  of  the  Asso- 
ciation, in  which  case  they  shall  pay  one-half  of  the  annual  dues. 

Section  4.  Any  member  whose  dues  are  unpaid  on  April  1  shall 
not  receive  the  publications  of  the  Association,  and  if  his  dues  are 
not  paid  by  December  31,  his  membership  shall  be  canceled,  except 
as  provided  for  in  Section  5  of  this  Article. 

Section  5.  The  Executive  Committee  may  extend  the  time  for 
paying  or  remit  the  dues  of  any  Corporate  or  Probate  members  who 
are  unable  to  pay  them. 

ARTICLE  V 

Officers 

Section  1.  The  officers  of  the  Association  shall  be  Corporate 
Members  and  shall  consist  of  a  President,  a  First  Vice-President, 
a  Second  Vice-President,  a  Secretary-Treasurer,  and  six  Members 
of  Executive  Committee,  who,  together  with  the  last  Past-President 
who  is  a  Corporate  Member,  shall  constitute  the  Executive  Com- 
mittee in  which  responsibility  for  the  government  of  the  Association 
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shall  be  vested.    The  President  shall  be  chosen  from  the  nine  eligible 
members  of  the  Executive  Committee. 

Section  2.  No  two  or  more  officers  in  any  year  shall  be  mem- 
bers of  the  same  business  organization. 

Section  3.  The  President,  the  First  Vice-President,  the  Second 
Vice-President,  the  Secretary-Treasurer,  and  two  Members  of 
Executive  Committee  shall  be  elected  at  each  Annual  Meeting. 

Section  4.  The  terms  of  the  President,  Vice-Presidents,  and 
Secretary-Treasurer  shall  begin  at  the  close  of  the  Annual  Meeting 
at  which  they  are  elected  and  continue  until  their  successors  are 
elected  and  have  qualified.  The  six  Members  of  Executive  Com- 
mittee shall  serve  three  years,  two  being  elected  each  year. 

Section  5.  A  vacancy  in  the  office  of  President  shall  be  filled  by 
the  Vice-Presidents  in  order. 

Section  6.  A  vacancy  in  any  office  other  than  that  of  President 
shall  be  filled  by  an  appointee  of  the  Executive  Committee. 

Section  7.  The  President  shall  not  be  eligible  for  re-election  to 
that  office  until  three  others  have  filled  it.  A  Vice-President  shall 
not  be  eligible  for  re-election  to  the  same  office  until  one  other  has 
filled  it. 

ARTICLE  VI 

Nomination  and  Election  of  Officers 

Section  1.  At  each  Annual  Meeting  six  Corporate  Members  who 
are  not  officers  shall  be  elected,  together  with  the  three  last  Past- 
Presidents  who  are  Corporate  Members,  to  serve  one  year  as  a 
Nominating  Committee,  of  which  the  senior  Past-President  shall  be 
chairman. 

Section  2.  The  Nominating  Committee  shall  nominate  one  eligi- 
ble member  for  each  office  and  for  each  membership  in  the  Nominat- 
ing Committee  and  shall  send  its  list  of  nominees  to  the  Secretary- 
Treasurer  before  October  15.  Any  vacancies  that  may  occur  in  the 
list  of  nominees  before  it  is  sent  to  the  members  shall  be  filled  by 
the  Executive  Committee. 

Section  3.  The  voting  shall  not  be  restricted  to  the  names  pre- 
sented by  the  Nominating  Committee.  Any  member  may  file  with 
the  Secretary- Treasurer  before  November  1  the  name  of  a  candidate 
for  any  office. 

Section  4.  The  ballot,  with  envelopes  for  secret  voting,  shall  be 
sent  to  each  member  before  December  1.  It  must  contain  the  names 
of  all  nominees  for  each  office,  arranged  alphabetically  where  there 
is  more  than  one  name  for  any  office,  with  the  nominees  of  the 
Nominating  Committee  plainly  indicated. 
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Section  5.  Members  may  scratch  or  substitute  the  name  of  any 
nominee  for  any  office. 

Section  6.  Ballots  shall  be  sealed  and  sent  or  delivered  to  the 
Secretary-Treasurer  before  the  polls  close,  prior  to  which  time  a 
voter  may  withdraw  or  replace  his  ballot. 

Section  7.  The  polls  shall  be  closed  at  noon  on  the  first  day  of 
the  Annual  Meeting,  and  the  ballots  shall  be  counted  by  one  Cor- 
porate and  four  Associate  or  Probate  Members,  appointed  tellers 
by  the  presiding  officer  at  the  Annual  Meeting. 

Section  8.  The  persons  who  receive  the  highest  number  of  votes 
for  the  offices  for  which  they  are  candidates  shall  be  declared  elected. 
In  case  of  a  tie  between  candidates  for  the  same  office,  the  mem- 
bers present  at  the  Annual  Meeting  shall  elect  the  officer  from  the 
candidates  so  tied.  The  presiding  officer  shall  announce  to  the  meet- 
ing the  names  of  the  officers  elected. 

ARTICLE  VII 
Management 

Section  1.  The  President  shall  have  general  supervision  of  the 
affairs  of  the  Association,  shall  preside  at  its  meetings  and  those  of 
the  Executive  Committee,  and  shall  be  a  member  ex-offido  of  every 
committee  except  the  Nominating  Committee. 

Section  2.  The  Vice-Presidents,  in  order  of  seniority,  shall  pre^ 
side  at  meetings  in  the  absence  of  the  President,  and  discharge  his 
duties  in  case  of  a  vacancy  in  the  office. 

Section  3.  The  Secretary-Treasurer,  under  the  direction  of  the 
President  and  the  Executive  Committee,  shall  be  the  executive 
officer  of  the  Association.  He  shall  conduct  ttie  correspondence  of 
the  Association;  record  the  proceedings  of  all  meetings;  collect  and 
deposit  all  moneys  due  the  Association;  verify  all  bills  and  pay 
them  when  approved  by  the  President  or  Executive  Committee; 
make  at  each  Annual  Meeting  a  report  of  the  accounts  and  mem- 
bership of  the  Association;  and  perform  such  other  duties  as  may 
be  assigned  to  him  by  the  Executive  Committee. 

Section  4.  The  Executive  Committee  shall  manage  the  affairs 
of  the  Association,  and  shall  have  full  power  to  control  and  regulate 
all  matters  not  provided  for  in  the  Constitution.  It  shall  act  on 
applications  for  memberships ;  make  appropriations  for  specific  pur- 
poses; direct  the  care  of  the  surplus  funds  of  the  Association;  and 
audit  the  accounts  of  the  Secretary-Treasurer. 

Section  5.  The  Executive  Committee  shall  publish  the  activities 
of  the  Association  in  a  book  to  be  known  as  the  Annual  Proceed- 
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ings;  but,  subject  to  the  action  of  the  Association,  it  may  withhold, 
in  whole  or  in  part,  discussions,  papers,  or  reports,  the  propriety  or 
soundness  of  which  is  considered  questionable. 

Section  6.  The  Executive  Committee  shall  have  printed  a 
Manual  of  Recommended  Practice,  in  which  shall  be  published  the 
specifications  and  standards  approved  by  the  Association  in  accord- 
ance with  Article  X. 

Section  7.  The  Executive  Committee  shall  meet  at  such  times 
and  places  as  the  President  may  direct,  or  five  members  may  request 
in  writing.    Six  members  shall  constitute  a  quorum. 

ARTICLE  VIII 
Meetings 

Section  1.  An  Annual  Meeting,  at  which  the  officers  shall  be 
elected  and  all  annual  reports  read,  shall  be  held  on  the  fourth 
Tuesday  in  January  of  each  year,  at  ten  o'clock  A.  M.,  at  such 
place  as  the  Association  at  the  previous  meeting  may  designate, 
provided,  however,  that  if  conditions  arise  which  make  it  seem  to 
the  Executive  Committee  inadvisable  to  hold  an  Annual  Meeting  at 
the  time  or  place  designated,  the  Executive  Committee  shall  have 
authority  to  designate  another  time  or  place  for  the  meeting. 

Section  2.  Whenever  the  President  may  deem  it  necessary,  or 
upon  the  written  application  of  fifteen  Corporate  Members,  he  shall 
direct  the  Secretary-Treasurer  to  call  a  special  meeting.  The  call 
for  such. a  meeting  shall  state  the  time,  place,  and  purpose  of  the 
meeting,  and  shall  be  mailed  not  less  than  thirty  days  prior  to  the 
date  of  the  proposed  meeting. 

Section  3.  Twenty  Corporate  Members  shall  constitute  a  quorum 
at  any  meeting  of  the  Association. 

Section  4.  The  order  of  business  at  the  meetings  of  the  Associa- 
tion shall  be  arranged  by  the  Executive  Committee,  subject  to  ad- 
dition or  change  by  the  votes  of  the  majority  of  the  members 
present. 

ARTICLE  IX 

AmendmerUs 

Section  1.  Proposed  amendments  to  this  Constitution  must  be 
offered  in  writing,  signed  by  at  least  five  Corporate  Members,  and 
forwarded  to  the  Secretary-Treasurer  not  less  than  thirty  days 
prior  to  the  Annual  Meeting.  They  shall  be  published  with  the 
notices  for  the  meeting. 
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Section  2.  Proposed  amendments  shall  be  in  order  for  discussion 
at  the  Annual  Meeting,  and  may  be  amended  and  adopted  if  two- 
thirds  of  the  votes  of  the  Corporate  and  Honorary  Members  pres- 
ent and  voting  are  affirmative. 

ARTICLE  X 
Adoption  of  Standards 

Section  1.  Any  proposal  for  the  approval  of  the  Association  of 
definitions,  methods,  nomenclature,  specifications,  standard  con- 
struction or  standard  practice,  or  aimed  at  defining  formally  the 
position  of  the  Association,  shall  have  been  made  the  subject  of  a 
study  by  a  standing  or  special  committee  and  embodied  in  a  com- 
mittee report  published  and  distributed  to  the  members  of  the 
Association  not  less  than  fifteen  days  prior  to  an  Annual  Meeting. 

Section  2.  The  reports  of  committees  embodying  such  proposals 
shall  be  in  order  for  discussion  at  an  Annual  Meeting  and  shall  be 
referred  to  letter  ballot  of  the  Association  if  a  majority  of  the 
votes  of  the  Corporate  and  Honorary  Members  present  and  voting 
is  affirmative.  Any  proposal  so  submitted  shall  have  the  approval 
of  the  Association  if  a  majority  of  the  votes  cast  upon  it  by  letter 
ballot  is  affirmative. 

Section  3.  The  reports  of  committees  embodying  such  proposals 
may  be  amended  before  submission  to  letter  ballot  if  the  votes  of 
two-thirds  of  the  Corporate  and  Honorary  Members  present  and 
voting  are  affirmative;  provided,  however,  that  if,  in  the  judgment 
of  the  committee  submitting  the  report,  any  amendment  so  adopted 
affects  underlying  principles,  that  part  of  the  report  so  affected 
shall  be  referred  back  to  the  committee  for  further  consideration. 
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LIST  OF  OFFICERS  AND  COMMITTEES 
Officers 

C.    M.    Taylor    President 

F.  J.  Anffier   — First    Vice-President 

H.   S.   Valentine    Second    Vice-President 

Geo.  M.   Hunt  Secretary-Treasurer 


H.  S.  Valentine,  Chairman 
R.  J.  Calder 
John  Foley 
W.  H.  Grady 
Geo.  M.  Hunt 


Executive  Committee 

C.  M.  Taylor,  Chairman 

Program 
F.  J.  Angrier.  Chairman 
H.  E.  Horrocks 
A.  R.  Joyce 
H.  S.  Saekett 
Lowry  Smith 


Walter  Buehler 


Committee  No.  2— Publications 

C.  C.  Schnatterbeck,  Chairman 

W.  F.  H.  Finke 


Committee  No.  3 — Service  Bureau  Board 


Walter  Buehler 
L.  J.  Cohnan 
L.  C.  Drefahl 


G.  Crawford,  Chairman 
R.  S.  Manley 
Grant  B.  Shipley 
£.  J.  Stocking 


Committee  No.  4— Preservatives 

A.  L.  Kammerer,  Chairman 
Fulweiler,   Viee-Chairman  J.  H.  Gibboney 

F.  W.  Kroemer 
K.  M.  Waddell 
Galen  Wood 


W.  H. 

Ernest  Bateman 
F.  G.  Breyer 
S.  R.  Church 
L.  C.  Drefahl 


Committee  No.  5 — Treatments 


S-l-l  Tla.-Fir 

R.  H.  RawBon,  Chairman 

Charles  Adams 

R.  S.  Belcher 

A.  Gibson 

E.  G.  Griggs 

C.  J.  Hogue 

A.  C.  Pestel 

R.  L.  Wyman 


5-2  Lamb«r— Car 

W.  J.  Smith,  Chairman 


K.  C.  Barth 
R.  C.  Clarke 
E.  E.  Ingalls 
C.  E.  Paul 


5-5  Polas 

R.  F.  Hosford.  Chairman 


5-5-1  Prassura  TraatmanU 
W.  M.  Carpenter,  Chairman 
C.  D.  Batson 
E.  E.  Boehne 
R.  C.  EfiTffleston 
C.  C.  Fritx 
A.  H.  Vorum 

5-5-2  NoD-Prassnra  TraatmanU 

L.  L.  Hill.  Chairman 

C.  H.  Amadon 

L.  A.  Furlong 

Geo.  M.  Hunt 

W.  M.  Leavitt 

C.  M.  Sporley 

W.  K.  Vanderpoel 

5-9  InspactioB 

J.  R.  Keig.  Chairman 
J.   M.   Black 

E.  T.  Davies 

F.  N.  Graham 
T.  J.  McGinty 
Forrest  S.  Shinn 
C.  M.  Tilley 
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Contmittee  No.  S— Plant  Operation 


6-1  PmUbs  Tics 

F.  S.  Pooler.  Chairman 
W.  L.  Bacon 
Andrew  Gibson 
Auffust  Meyer 
T.  G.  Townsend 

6-2  Adsia*.  Boriac  and  ParforatiBC 
Layouts 

D.  W.  Edwards,  Chairman 
J.  H.  Curry 
R.  H.  Moore 
Clyde  Osborne 

e-3  Car  Lea^Bc 

A.  E.  Larkin,  Chairman 
J.  H.  Bade 
F.  C.  Krcll 
J.  D.  Latimer 
M.  M.  Rabonm 


6-51 

W.  E.  Doan,  Chaimutn 
J.  B.  Card 
F.  J.  Hoxie 
R.  H.  Moore 

B.  D.  Parrott 

6-6  Pressor*  IfaeUiiary 

E.  E.  Alexander,  CAatntuM 
Wm.  A.  Cecil 
J.  H.  Grow 
W.  E.  Jackson 
E.  S.  Park 

6-7  Matarial-Haadlioc 

A.  H.  Onstad,  Chairman 
R.  L.  Allardyce 

C.  F.  Ford 

J.  C.  WiUiams 


74)1 : 

K.  C.  Barth.  Chairman 

A.  W.  Armstrong 

R.  A.  Calvin 

C.  G.  Crawford 

L.  B.  Shipley 

H.  W.  Woodruff,  Jr. 


Committee  No.  7— Utilization  and  Service 

7-1  Track 

S.  D.  Cooper,  Chairman 

G.  M.  Davidson 

G.  C.  Dixon 

P.  R.  Hicks 

O.  C.  Steinmayer 

Earl  Stimson 

W.  P.  WUtsee 


7-3-1  and  7-3-2  Floorfaic  and  Paviac 

L.  T.  Ericson,  Chairman 
E.  R.  Dutton  Thos.  A.  Lawton 

S.  D.  Hicks  F.  G.  Marriott 

C.  L.  Humphreys  K.  J.  Schmaelile 

L.  P.  Kimban 


San  Francisco  Bay  Marine  Piling  Committee 


F.  D.  Mattos,  Chairman 

W.  C.  Ban,  S«cr«tory-rr«o»i*rer 

C.  L.  Hill,  Szeeutive  Ofieer 

H.  A.  Anderson 

Ernest  Bateman 

A.  M.  Baxter 

A.  A.  Brown 

H.  J.  Brannier 

C  £.  Cortes 
*H.  O.  Demerrit 
*C.  E.  Derieth 
•W.  W.  DeWinton 
•H.  F.  Faoll 
^Emanuel  Frits 
•H.  H.  HaU 
•H.  K.  Heck 
•a.  H.  Hicks 
^Lient.  Allen  Hoar  • 
^Howard  C.  Holmes 

Geo.  M.  Hunt 

^Honorary  Members 


•W.  J.  Hunter 

W.  M.  Jaekle 
*Capt.  F.  B.  Jones 

L.  D.  Jurs 

W.  H.  Kirkbride 

C.  A.  Kofoid 
•C.  A.  Kupfer 
*Lieut.  C.  L.  Macrae 

Chas.  R.  McCormick 
*Jerome  Newman 
*H.  S.  Pond 

R.  H.  Rawson 
•G.  W.  Rear 
•Capt.  H.  W.  Rhodes 
•W.  T.  Richards 
•F.  B.  Smith 
•O.  K.  Smith 

R.  G.  Smith 

O.  R.  West 

F.  G.  White 

J.  W.  Williams 


NOTICE — The  Association  is  not  responsible  aa  a  body  for  the  opinions  ex- 
pressed by  individuals. 
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list  of  members 

(Complete  to  July  1,  1921) 
e-CorporaU.    a-'Asaceiate,    p-Probate,    h'Honorwry, 

Fiffures  indicate  Mvial  0amb«r  of  M«mb«nliip  Cortificato 

884  c  ADAMS,  CHARLES ^upt.    Wood    Preserving   Works,    Southern    Pacific   Railroad. 

Cottasre  Grove,  Oregon. 
188  c  ALEXANDER,  E.  E .Supervisor  of   PlanU»    Baltimore   and   Ohio   Railroad,    Green 

Spring.  W.  Va. 
29  e  ALLARDYCE,   R.    L ^Gen.   Supt.,   International  Creosotinff  and   Construction   Co.. 

Texarkana,  Texas. 
860  a  ALLEN,   E.   J «.Ties  and  Lumber,  82  Broadway.  New  York  City. 

21  h  ALLBRTON,     DAVID —Winters,  CaU 

448  c  ALMON,  W.  D -Cairo,  IlL 

S69  e  AMADON,  C.  H Un   Charge   Inspection,   Western   Electric  Co.,  468  West   St.. 

New  York  City.     (1921). 
564  c  AMIS,  J.   C .Chief    En«rr.,    Detroit   and   Mackinac   RaUway,    East   Tawas. 

Mich.     (1921). 
681  c  ANDERSON,  HARVEY  A...Ass*t  Enarr.,  Southern  Pacific  Co..  165  Broadway,  New  York 

City. 

406  c  ANDREWS.    HOWARD    Pres.,  NashviUe  Tie  Co.,  NashviUe,  Tenn. 

1  c  (Charter)   ANGIEK,  F.  J. ...Supt.    Timber    Preservation,    Baltimore    and    Ohio    Railroad. 

Baltimore,  Md. 

407  c  ARMSTRONG.  ARTHUR  W..  Sec'y-Treas.,  Ayer  and  Lord  Tie  Co.,  Chicaffo,  BL 

494  c  ARMSTRONG,    WESTROPP. Sales    Mflrr..    Creoeoted    Block    Pavins    Co.,    Ltd.,    Toronto. 

Canada. 

476  o  ASHBY.  H.  N Mfff.  Dept..  Lons-BeU  Lumber  Ck>..  Kansas  City,  Mo. 

660  c  AUSTIN,    H.    E .Chief  En^r.,  American  Creosotin?  Co.,  LouUville.  Ky.  (1921). 

647  o  BABCOCK,  E.  B. .Chief   Inspector   Pacific   Northwest.   R.    W.   Hunt  and   Co., 

410  Lyon  BIdff.,  Seattle.  Wash.     (1921). 
106  c  BACON,  W.  L. .Supt.   Tie  Treating  PUnt,   Chicago  and  Northwestern  RaU- 
way, Escanaba   Mich. 

411  c  BADE.    J.    H Ass't  Supt..  Central  Creosotins:  Co.,  North  Bend,  Ohio. 

8  h  (Charter)    BAKER,  J.  S Oaklawn  Sugar  Co.,  Ltd.,  Franklin,  La. 

671  c  BALL,    W.    C Sales  Mgr.,    Chas.   R.   McCormick   Ck>.,  900   Fife  Bldg.,   San 

Francisco,  Cal.     (1921). 

410  c  BARBER,    F.    A Indiana  Zinc  Creosoting  (}o..  Terre  Haute,  Ind. 

879  a  BARTH,  KURT  C Technical  Representative,  The  Barrett  Co.,  17  Battery  Place, 

New  York  City. 
167  c  BATEMAN,    ERNEST Chemist    in    Forest   ProducU,    Forest    Products    Laboratory. 

Madison.  Wis. 

88  c  BATSON.    C.    D Mgr.,  Republic  Creosoting  Co.,  MobUe.  Ala. 

160  c  BAXTER,    ALFRED   M. Care  J.   H.   Baxter   4b   Co.,   702   National   Bank   Bldg.,    San 

Francisco,  CaL 

198  c  BECKER.    A.    C 9  Monument  Avenue,  Dayton.  Ohio. 

146  c  BELCHER.    R.    S v.Mgr.,    Treating    Plants.    Atchison,    Topeka    and    Sante    Fe 

Railway,  Topeka.  Kans. 
479  c  BELL.    H.   C Supt.  Tie  Treating  Plant,  Norfolk  and  Western  Railway  Co., 

Roanoke,  Va. 
144  c  BERK,    P.    F Chemical  Mfr..  F.  W.  Berk  4b  Co..  Ltd.,  1  Fenchurch  Ave.. 

London.  England. 
144  a  BERM INGHAM,   EDW. Sales    Dept..    International    Coal    Producto    Corporation.    24 

Broad  St.  New  York  City. 
207  a  BERNUTH.    OSCAR   Pres..    Bemuth.    Lembcke    Co..    Inc.    171    Madison    Avenue. 

New  York  City. 

6  h   (Charier)    BERRY,  C.  W Care  A.  G.  Shaver,  Room  857  Gas  Bldg..  Chicago.  111. 

800  c  BLACK,    JAMES    M Forestry  Dept..  Pennsylvania  System.  Box   88.  ConneQsville, 

Pa. 

661  a  BLACKALL.  ROB*T  H Mfr.  of  Railway  Supplies.  1806  Farmers'  Bank  Bldg.,  Pitto- 

burgh.  Pa.     (1921). 

587  a  BLASSINGHAM,   M.   T Pres.  and  Treas.,  M.  T.  Blassingham  4b  Co..   Inc.,  Norfolk. 

Va. 

22  c  BOEHNE.  E.   E -Mgr.    Sales   Dept.,   Intenlational   Creosoting   4k   Construction 

Co.,  Galveston.  Texas. 

508  c  BOLSOVER,    GUY Civil    Eng.,    London    and    Northwestern    Railway,    Euston. 

London  N.  W.  1.  England. 

477  c  BOOK,  J.  E Supt..  Pacific  Creosoting  Co..  Creosote,  Kitsap  Ck>unty.  Wash. 

244  c  BOWSER.   E.   H Supt.    Timber    Dept..    Illinois    Central    Railroad,    Memphis. 

Tenn. 
447  c  BOYER.     LOUIS Electrical   Eng..  Etablissements  GailUrd,  7  F.  Rue  Sebasta- 

pol.  Beziers.  France. 

668  a  BRADLEY.     MARK Sales  Mgr..  Monsanto  Chemical  Works.  St.  Louis.  Mo.  (1921). 

280  p  BRENNAN,   T.    S Lumber    Inspr..    Atchison,    Topeka   and    Santa   Fe   Railway. 

1119  L.  C.  Smith  Bldg..  Seattle,  Wash. 


Digitized  by  LjOOQ IC 


American  Wood-Preservers'  Association       17 

S€8  a  BREYER,    FRANK    G Chief  of  Research  Dept.,  New  Jersey  Zinc  Co.,  Palmerton, 

Pa. 
406  e  BRIGGS,    Z.    M. Ass't   Ens.   Maintenance,   Pennsylvania   System,   PitUburgh. 

Pa. 
801  c  BRIGHT,   EDGAR  W Fres..    Mass.    Lumber    and    Creosotinff    Co.,    104    Milk    St., 

Boston,  Mass. 
507  e  BROWN,   A.  A Construction  Enff.,  California  and  Hawaiian  Sugar  Refining 

Co.,  Crockett,  CaL 
280  e  BROWN,    NELSON   C Care    American    Woods    Export    Association,    Room   506.    SO 

Church  St.,  New  York  City. 
S77  a  BROWN,   &   K. Vice  Pies.  *  Gen.  Mgr.,  American  Tie  and  Timber  Co.,  11 

Broadway,  New  York  City. 
499  c  BRUNNIER,   H.    J ..Designing    and    Consulting    Structural    Engr.,    812    Sharon 

Bldg..  San  Francisco,  CaL 

408  c  BRYAN,    GORDON Florida  Lumber  and  Ciate  Co.,  Kissimee,  Fla. 

28  c  BUEHLER,    WALTER Engr.   of  Wood  Preservation,   The   Barrett  Co.,   17   Battery 

PUce,  New  York  City. 

24  c  BURKHALTER,  D. Supt.,  Indiana  Creosoting  Co.,  Bloomington,  Ind. 

472  c  BURNES,   JOHN   D Care,  Page  and  HiU  Co.,  814  Plymouth  Bldg.,  Minneapolis, 

Minn. 
546  e  BUSH,   H.    O Lumber   and  Tie   Inspector,   Erie  Railroad,   50   Church   St., 

New  York  City  (1921). 

88  a  CABOT,    SAMUEL Manufacturing  Chemist,  141  liilk  St.,  Boston,  Mass. 

80  c  CALDER.  R.  J Sec'y-Treas.,    International    Creosoting   4b    Construction    Co., 

Galveston,  Texas.  , 

888  e  CALVIN,    R.    A. Sales  Mgr.,  -nie  Kettle  River  Co.,  Madison,  Dl. 

190  c  CAMPBELL,  J.  H. Chemical    Engr.,    R.    W.   Hunt   4b   Co.,   2200    Insurance   Ex- 
change, Chicago,  HI. 

48  c  CARD,    J.    B ..Pres.,    Central    Creosoting    Co.,    Ill    W.    Washington,    St., 

Chicago,  HL 

438  e  CARMAN,   C.   EDW Indiana  Tie  Company,  Joppa,  UL 

852  c  CARPENTER,   W.   M. Vice-Pres.,  American  Line  Materiab  Co.,  McCormick  Bldg., 

Chicago,  HL 

276  c  CECIL,    WM.   A. Wood  Preserving  Engr.,   Indiana  Tie  Company,  Evansville, 

Ind. 

476  c  CHADBOURNE,    B. Office  Mgr.,  Pacific  Creosoting  Co.,  204  Northern  Life  Bldg., 

Seattle,  Wash. 

892  c  CHADWICK,   CHAS.   a Gen.  Mgr.,  Eppinger  and  Russell  Co..  165   Broadway,  New 

^  York  City. 

802  c  CHAPIN.    E.    T Pres.,  E.  T.  Chapin  Co.,  Columbia  Bldg.,  Spokane,  Wash. 

»  e  CHERRINGTON,   F.    W Dir.  Engr.  Sales.  The  Jennison -Wright  Co.,  Toledo,  Ohio. 

872  p  CHILCOAT,   G.   W Foreman,  Mt.  Union  Wood  Preserving  Plant,  Pennsylvania 

System,  Mt  Union,  Pa. 
57  a  CHURCH,  SUMNER,  R Mgr.  Tar  and  OU  Dept.,  The  Barrett  Co.,  17  Battery  Place, 

r«A      ^,  *«„     ^    ,  New  York  City. 

660  e  CLARK,   E.   L. Pres.,    Valentine-Clark     Co..     510    Peyton    Bldg.,    Spokane, 

\VAAh        ( lfi2 1 ) 

886  e  CLARKE,   ROY  C Treating  jnspr..  Pittsburgh  and  Lake  Erie  Raflroad.  P.  4b  L. 

i<.      r,,  •^^^    ^    «  E-  Terminal  Bldg.,  Pittsburgh,  Pa. 

165  e  CLARKE.  G.  S U.  S.  Army. 

819  p  CLEMENTS,  C.  M.   Supt.    Plant,    Raflway    Tie    Treating    Co.,    Inc.,    Box    198, 

._,      Lancaster,  Pa. 

885  a  CLIFFORD.  W.  E Forest  Products  Chemical  Co.,  Memphis,  Tenn. 

174  a  CLIFTON,  W.  H Vice-Pres.,    Anguera    Lumber    and    Tie    Co.,    1101    Conway 

Bldg.,  Chicago,  IH. 

865  e  COLLINS.    EVERELL    S. 847  Pittock  Bk>ck.  Portland.  Oregon. 

897  c  COLLSTROP,  A. Chairman,  R.  CoUstrop,  Ltd..  Copenhagen.  Denmark. 

67  c  COLMAN.   GEO.  A. Colman  Creosoting  Works.  Colman  Bldg..  SeaUle,  Wash. 

558  c  COLMAN.    L.    J Pres.,  Colman  Creosoting  Works.  Seattle  Wash.     (1921). 

498  e  CONDON.  H.  R Ass't   Forester.   Pennsylvania   System.   613    Emergency  Fleet 

Bldg..  Philadelphia.  Pa. 

•«6  a  COOK.   WM.   P. Wm.  P.  Cook  4b  Co..  79-85  WaU  St..  New  York  City. 

585  a  COONEY,   CARROLL  T Sec'y-Treas.,   Cooney.   Eckstein   4b  Co.,   802   Broadway.   New 

York  City. 
221  c  COOPER,  S.  D.. ...Ass't  Mgr.  Treating  Plants.  Atchison.  Topeka  and  Santa  Fe 

Railway.  Topeka,  Kans. 

508  e  CORTES.    CARLOS   E Construction  Engr..  Shell  Company.  Martinez.  CaL 

81  c  CRAWFORD,  CARL  G. Vice  Pres.,  American  Creosoting  Co.,  Louisville,  Ky. 

452  e  CURRY,  J.  H... ...Boring  Machine   Foreman.   Atchison,   Topeka  and  Santa  Fe 

Railway,  National  City.  CaL 
515  c  CURTIN,  BtATTHEW  J. Tie   and    Timber   Agent.    Boston   Elevated   Ry.   Co.,   Boston. 


26  e  DAVIDSON,  G.  M.. Chemist  4b  Engr.  of  Tests,  Chicago  and  Northwestern  Rail- 
road, Chicago,  nL 
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148  c  DAVIES.   E.  T Inspector,  City  Engineer's  Office,  125  Bryant  Ave.  N.,  Bfin- 

neapolis,  Minn. 
510  a  DAVIS,   H.   E Sales    Div'n    Msr..    The    Grasselli    Chemical    Co.,    Cleveland, 

Ohio. 
624  a  DAVIS,  JOHN  W. Gen.  Snpt.,  American  Tar  Products  Co.,  208  South  LaSalle 

St„  Chicago. 

657  c  DAWSON.    THOS  W Chief  En«r.,  H.  C.  Prick  Coke  Co..  Scottdale.  Pa.  (1921). 

84  c  DeCBW,   J.   A- -Chem.  Enarr.,  601  Fifth  Ave^,  New  York  City. 

580  e  DEUTSCH,  MARGARET  F.-SUtistician,  Forest  Products  Laboratory.  Madison.  Wis. 
228  c  DIXON,    G.    C -Tie  Treating  Inspr..  C.  C.  C.  A  St  L.  Railway.  Indianapolis, 

Ind. 
64  c  DIXON,   J.    H Burd  Ring  Sales  Co.  of  Canada,  822  Mclntyre  Block,  Winni- 

petr,  Man..  Canada. 

424  o  DOAN,  WM.  K Vice  Pres.,  Canada  Creosotinff  Co.,  Toronto.  Canada. 

290  c  DOW,   ALLAN   W Consuttins  Engr.,  Dow  A  Smith.  181  £.  28rd  St.,  New  York 

City. 
121  c  DRAPER,  ERNEST  G. Pres..  American  Creosotinir  Co.  of  New  Jersey.  17  Battery 

Place.  New  York  City. 

166  a  DREFAHL.   LOUIS  C Chemist.  Grasselli  Chemical  Company,  Cleveland,  Ohio. 

888  o  DRESSER,    GEO.    L. Sales  Ensnr.,  The  Jennison-Wriffht  Co.,  Albany,  N.  Y. 

178  c  DUNSTAN,  J.  H Supt.,  Southern  Creoeotins  Co.,  Slidell,  La. 

211  c  DURHAM,  J.  H. Vice  Pres.,  American  Creosoting  Co.,  Louisville,  Ky. 

822  c  DUTTON.  ELLIS  R Ass't  City  Engr.,  Minneapolis,  Minn. 

202  a  EASTWICK,  CHAS.  H. Pres.,  Northeastern  Co.,  6  Beacon  St..  Boston.  Mass. 

418  a  EDWARDS.  D.  W Representative,  Greenlee  Bros.  A  Co.,  Takoma  Park,  Wash- 
ington, D   C. 

481  e  EGGLESTON«   R.    C- Forester,   An?erican  Telephone  A  Telegraph  Co..   196  Broad- 

way, New  York  City. 
898  c  ELAM,    WM Store  Dept.,  Missouri,  Kansas  and  Texas  Railway.  Parsons, 

Kansas. 
275  c  EMERSON,    HARRINGTON.Pres.,  The  Emerson  Co..  80  Church  St.,  New  York  City. 
577  c  ENRIGHT,   F.  M Pres..  Creo-Fir  Wood  Block  Paving  Co.,  188  N.  LaSalle  St., 

Chicago,  in.     (1921). 
168  c  ERICSON,  L.  T Chief  Engr.,  The  Jennison-Wright  Ck).,  Toledo.  Ohio. 

841  e  FAIRLEY.  ROBT.  H Plant  Supt..  St.  Helens  Creosoting  Co..  St.  Helens,  Oregon. 

461  e  FALCONER,  R.  C Chief  Engr.,   The  Erie  Railroad,  50  Church  St.,  New  York 

City. 

168  c  FANT,   A.    E.— —Pres.,  Gulfport  Creosoting  (3o..  Gulfport.  Miss. 

9  h  (Charter)  FAULKNER,  E.  O.Bfgr.  Tie  A  Timber  Dept.,  Atchison,  Topeka  and  SanU  Fe 

Railway.  Los  Angeles,  CaL 
644  c  FAYLOR.  C.  E Union   Cedar  Co..   1601-6  2nd  National  Bank  Bldg.,  Toledo, 

Ohio.     (1921). 
239  c  FERGUSSON,    HUBERT   ...Gen.  Mgr..  Burt.  Boulton  A  Haywood,  Ltd.,  Prince  Regent's 

Wharf.  Silverton.  Victoria  Docks,  London,  England. 
287  c  FINKE,  W.  F.  H Tie    and    Timber    Agent,    Southern    Railroad.    Washington. 

D.  C. 
62  e  FISHER,    WM.    A. Bemuth   Lembcke  Co.,   Inc.,   171   Madison   Ave..   New  York 

City. 
808  a  FOEPSTERLING,     HANS...The  Abor  Farm,  Jamesburg,  N.  J. 
77  c  FOLEY,    JOHN Forester,   Pennsylvania  System,   618  Emergency  Fleet  Bldg., 

Philadelphia.  Pa. 
106  c  FORD,  C.  F Supt.  Tie  A  Timber  Department,  Chicago.  Rock  Island  and 

Pacific  Ry..  Chicago. 
818  e  FOWLER.  J.  W Sales  Rep.,  Hoggson  Brothers,  485  Fifth  Avenue,  New  York 

City. 

568  a  FOX,  M.  J Sec'y-Treas.,    Von-Platen-Fox    Co.,     Iron    Mountaiif.     Mich. 

(1921). 
491  c  FRANCE.    R.    L. Lumber  and   Fuel  Agent,   Southern   Pacific   Co.,   San   Fran- 
cisco, CaL 
117  c  FREY,   GEO.  W.. .(Sen.   Mgr.,   Compressed  Wood   Preserving  Co.,  4665   Spring 

Grove  Ave..  Cincinnati,  Ohio. 

888  c  FRISTOE.  J.  W Pres..  T.  J.  Moss  Tie  Co.,  St.  Louis,  Mo. 

347  e  FRITZ,   C.   C Treating  Engr.,  Long-Bell  Lumber  Co..  Kansas  City,  Mo. 

464  c  FRYE,  RALPH  K Mgr..  Post,  Pole  and  Paving  Bk>ck  Sales,  Long-Bell  Lumber 

Co.,  Kansas  City,  Mo. 

38  c  FULKS.   E.   B.. Pres.,  Arkansas  Zinc  Co..  St.  Louis.  Mo 

160  a  FULWEILER.    W.    H. Chemist,  United  Gas  Improvement  Co..  Philadelohia.  Pa. 

806  a  FURLONG,    L.    A Vice  Pres..   Walsh   Tie  Co.,   910-914   Security   Bldg..   Minne- 
apolis, Minn. 

466  c  GARLAND,   FRANK   J Selling  Agent.  St.  Helens  Creosoting  Co..  San  Diego.  CaL 

44  a  GERHARD.   H.   H Pres.,  C.  A.  Wood  Preserver  Co.,  St.  Louis,  Mo. 

482  c  GTBBONEY,   J.  H Chief  Chemist.  Norfolk  and  Western  Railway.  Roanoke.  Va. 
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S9  c  GIBSON,    ANDREW Supt.     Timber     Preservation.     Northern     Pacific     Railroad, 

Brainerd,  Minn. 
180  a  GIBSON,    W.    C Sales  Msrr.,   Plate  and  Tank  Dept.,   Graver  Corporation,   K 

Chicacro.  Ind. 

512  a  GOLDEN,  W.  J. -Gen.  Msr.,  By-ProducU  Steel  Corporation,  Weirton,  W.  Va. 

56  o  GOLTRA.   W.   P.— Pres.,  W.  F.  Goltra  Tie  Co.,  Cleveland.  Ohio. 

288  e  GOSLINE,   C.  B. Roadmaster,   Delaware,   Lackawanna  and  Western  Railroad. 

Hoboken.  N.  J. 
277  e  GOSS,  O.  P.  M. ..Consulting  Timber  Enarr.,  Goss  A  Rawson.  604  White  Bldff., 

Seattle,  Wash. 
24S  e  GRADY,  W.  H.   Gen.    Supt.,   American   Creosotinir   Co.,   401   West  Main   St.. 

LouisviUe.  Ky. 

100  e  GRAHAM,    FLOYD   N Chief  Timber  Inspr..  Chicago  Great  Western,  Chieaffo.  IlL 

446  c  GRAHAM.    R.    A. .Supervisor    of    Treatment,    Missouri    Pacific,    551    Veronica 

Ave..  E.  St.  Louis,  IlL 
522  a  GRAMM,    CHAS.   WM. Salesman,  Ernst  Zobel  Co.,  2nd  Ave.  and  10th  St.,  Brooklyn. 

N.  Y. 

6W  e  GRANT,   J.   D —Vice  Pres.,  Southern  Creosoting  Co..  Slidell.  La. 

486  c  GREENE,  C.  W. Timber  Treatment  Enerr..   New  York  Central  Railroad.  681 

Durango  Drive,  Toledo.  Ohio. 
548  a  GREENEBAUM.    MILTON..Vice   Pres..    Kern    Commercial   Co..    114    Liberty    St.,    New 

York  City.     (1921). 
569  a  GREIG,   WM.   B. .Salesman,  Paraffine  Companies,  84   First  Street.   San  Fran- 

Cisco.  Cal.     (1921). 

884  e  GRIGGS,  E.  G Pres.,  St.  Paul  and  Tacoma  Lumber  Co..  Tacoma.  Wash. 

72  a  GROW.  J.  H.  -. Enerr..    Wood    Preservation.    AUis-Chalmers    Mfg.    Co.,    Mil- 

waukee.  Wis. 

584  a  (HJTSCHOW,   PAUL .Mgr..  R.  Bardewyck,  160  Nassau  St.,  New  York  City. 

281  c  HAGGANDER.   G.  A .Ass't  Bridge  Engr.,  Chicago,  Burlington  and  Quincy  Railroad, 

Chicago. 

442  a  HAMILTON,   C.   L.   .Sec'y.  Weyerhaeuser  Forest  Producte,  St.  Paul.  Minn. 

195  e  HAMILTON,   F.   P Creosoted  Materials  Co.,  Inc.  New  Orleans.  La. 

562  e  HAMILTON,  R.  M.   .Gen.    Foreman.    Central   Creosoting   Co.,    7228    Lower   River 

Road.  Fern  Bank.  Cincinnati.  Ohio  (1921). 
478  c  HARPER.    LEWIS   H Supt.   Creosote  Plant,  Central  of  Georgia  Railway,  Crump's 

Park,  Ga. 

426  e  HARRELL.  E.  H E.  H.  Harrell  Co..  Houston.  Texas. 

529  e  HARRIS,  GEO.  H Gen.  Supt.,  San  Francisco- Oakland  Terminal  Railways,  Oak* 

Und,  Cal. 
187  c  HARRIS,   PAGE   Vice    Pres.,    National   Lumber    4b   Creosoting    Co.,    Houston, 

Texas. 

128  a  HARTLEY,   C.   H Gen.  Mgr.,  Wisconsin  and  Northern  Railroad.  Appleton,  Wis. 

82  e  HARTMAN.   E.  F Pres..  Protexol  Corporation,  84  Barclay  St.,  New  York  City. 

58  a  HAWKES.  A.  W Vice  Pres.,  General  Chemical  Co.,  26   Broad  St.,  New  York 

r—  City. 

527  e  HEIM.   A.   L.   Engr.  in  Forest  Products,  Forest  Products  Laboratory,  Madi- 

^.  son.  Wis. 

286  c  HELSON.  J.  R. Supt..  Watkins  Creosoting  Co..  Metropolis.  Dl. 

521  a  HENDERSON,  C.  T Sales  Mgr..  Great  Western  Electro  Chemical  Co.,  San  Fran- 

._  Cisco,  Cal. 

IW  e  HENDRICKS.  V.  K 181  North  8th  St..  Terre  Haute.  Ind. 

422  a  HENDRICKS,  W.  HOMER  .(Sen.  Sales  Bfgr.,  New  Jersey  Zinc  Co..  160  Front  St..  New 

_  York  City. 

886  e  HERMANN,  GEO.  E. Mgr..    Vancouver    Creosoting   Co..    Ltd..    North    Vancouver, 

B    C 

75  e  HESS.   LAWRENCE  E Ass't  Supt..  Republic  Creosoting  Co.,   Indianapolis,  Ind. 

no  e  HICKS.   P.   R Secretary-Manager,  Service  Bureau,  A.  W.  P.   A.,  1146  Otis 

_  Bldg.,  Chicago.  Ill 

J09  «  HICKS.   S.   D Sales  Mgr.,  The  Rodd  Co.,  PitUburgh.  Pa. 

518  e  HILL.   C.   L U.  S.  Forest  Service,  Ferry  Bldg.,  San  Francisco,  CaL 

820  e  HILL,  L.  L. _ Sec'y,  Page  and  Hill  Co.,  Minneapolis.  Minn. 

552  a  HINCKLEY,  G.  W. Pres.,  Geo.  W.  Hinckley  4b  Co..  63  WaU  St..  New  York  City 

(1921). 
449  e  HOGUE.  CHESTER  JAMES.Engr.   in   Forest   Products.  West  Coast   Lumbermen's   Ass'n, 

8784  Grand  Central  Terminal,  New  York  City. 

864  e  HOPKINS.  H.  W. Lumber  Inspr.,  Pennsylvania  S3^tem.  Jacksonville.  Fla. 

179  e  HORROCKS,   H.  E Mgr.,  Pacific  Creosoting  Ck)..  Seattle.  Wash. 

859  e  HOSFORD.  R.  F .Telephone    Engr.,   American   Telephone   and   Telegraph   Co., 

196  Broadway.  New  York  City. 
578  e  HOWE.  PAUL  J. Construction     Engr.,    Western    Union    Telegraph    Co..    195 

Broadway.  New  York  City. 
198  e  HOWSON,    B.    T. Editor.    "Railway    Maintenance    Engineer,"    TransporUtion 

Bldg..  Chicago,  111. 
850  e  HOXIB,   F.   J.    ... .Insurance  Engineer,  Associated  Factory  Mutual  Fire  Insur- 
ance Companies,  81  Milk  St.,  Boston,  Mass. 


Digitized  by  LjOOQ IC 


20 


Seventeenth  Annual  Meeting 


842  e  HOYT,  H.   B.   Supt.    Timber    Preservation    Plant,    Buffalo,    Rochester    «nd 

Pittobursh  Railway.  Bradford.  Pa. 

448  e  HOYT.   WARREN   EDW.    ..Gen.  Mflrr.,  Monongabela  Wood  Preserving  Co.,  917   Citizens 

Bldff.,  Cleveland,  Ohio. 

498  e  HUMPHREYS,  C.  L .Pavins  Contractor,  Ionia.  Mich. 

266  c  HUNT.    GEO.   M.    Chemist.  Forest  Products  Laboratory.  Madison,  Wis. 

876  e  INGALLS.  EDMUND  E.   ...Chemist,  Chicairo,  Burlington  and  Quincy  Railroad,  144  Sum- 

ner  St.,  Galesburir,  HI 

866  c  ISAACS.   JOHN  D .Oonsuhinir  Enffr.,  Southern  Pacific  Co.,  166  Broadway.  New 

York  City. 

262  e  JACKSON.   W.   E .Sapt.,    Texas   Tie   and   Lumber   Preserving   Co.,    Somerville. 

Texas. 
489  c  JAEKLE,   W.   M .Astt.   Enerr.  M.  of  Way  and  Struct.,   Southern  Pacific.   San 

Francisco,  CaL 
418  a  JAHNCKE,  WALTER   F.   ..Pres..  The  Reeves  Co.,  New  Orleans,  La. 

124  c  JENNISON,    H.    G Pies.,  The  Jennison-Wri^ht  Co..  Toledo,  O. 

260  c  JOHNSON.  J.  A.  .Supt  Tie  Preserving  Plant.  Union  Pacific  Railroad,  Box  808. 

Laramie,  Wyoming. 

440  a  JOHNSON,  T.  P 

401  a  JORDAN.   J.  H Sales  Div.  Mat..  Grasselli  Chemical  Co..  Cleveland,  Ohio. 

66  c  JOYCE.  A.  R.   Joyoe-Watkins  Co.,  882  S.  Michigan  Ave..  Chicago.  Ill 

147  o  JUDGE,   F.   B.   4656  Ridge  Ave..  Glen  Morris.  Long  Island,  N.  Y. 

682  a  JURS,  LOUIS  D Ohief  Engr..  Associated  Oil  Co..  817  Sharon  Bldg..  San  Fran- 

Cisco.  CaL 

206  e  KAMMERER,  A.  L. Consulting  Timber  Engr.,  von  Schrenk  A  Kammerer,  Tower 

Grpve  and  Flad  Avenues,  St.  Louis,  Mo. 

467  a  KEHOE.   H.   B .Salesman.  GOlis  A  Co.,  Heyworth  Bldg.  Chicago,  III 

222  c  KEIG,  J.  R.   Gen.  Tie  and  Timber  Inspr.,  Atchison,  Topeka  and  Santa  Fe 

Railway.  926  Ry.  Exchange  Bldg..  Chicago.  IlL 

628  c  KELLEHER.  W.  J Gen.  Bfgr.  Southern  Creosoting  Co..  Ltd.,  Slidell.  La. 

816  h  KENDRICK.  J.  W Consulting  Engr..  1788  Lytton  Bldg.,  Chicago,  IlL 

408  c  KENNEDY.  LEE  T. Inspr.   of   Treatment.   Texas   and   Pacific    and   International 

and  Great  Northern  Railroads.  Houston.  Texas. 

281  e  KENT.   A.   S.   Chief   Engr..   Chicago.  Indianapolis  and   Louisville  Railroad, 

Chicago,  HL 

492  e  KIMBALL,  L.  P Engr.  of  BuUdings,  Baltimore  and  Ohio  Railroad.  Balti- 
more. Md. 

614  a  KINKEL,   REVERE   P Works  Mgr..  By-ProducU  Steel  Corporation.  Weirton,  W.  Va. 

641  a  KINNEY.  NORMAN  B Pres..    The   Kinney   Co.,    17    W.   42nd   St,   New   York   City 

(1921). 
481  a  KINSMAN,   J.  WARREN   ..DuPont  Chemical  Works,  Wihnington,  DeL 

674  a  KINZEL,  L.  K.  Kinxel  Lumber  Co.,  MerriU.  Wis.    (1921). 

488  c  KIRKBRIDE,    W.    H .Engr.  of  Maint.  Southern  Pacific  Co.,  San  Francisco.  CaL 

602  c  KISTLER.  L.  W.  Chemist.  Santa  Fe  Tie  and  Lumber  Preserving  Co.,  Somer- 
ville. Texas. 

642  e  KITTLE.  CARLTON  L. Treating    Inspector.    Baltimore    and    Ohio    Railroad,    North 

Bend.  Ohio  (1921). 

666  c  KNEELAND.  R.  E. Kettle  River  Ck>mpany.  Madison.  HI.   (1921). 

487  c  KRELL.   F.  C.   Asst   Forester.   Pennsylvania   System.   618   Emergency   Fleet 

Bldg.,  Philadelphia.  Pa. 
201  c  KROEMER.  F.  W. Bemuth    Lembcke   Co..   Inc.    421   W.    22nd    Ave..    Houston. 

Texas. 

610  e  KOFOID.   CHAS.  A.    Prof,  of  Zoology.  University  of  California,  Berkeley.  CaL 

162  c  KUEHN,  A.   L.  Vice  Pres..  American  Creosoting  Company,  Louisville,  Ky. 

20  c  LABROT.   S.   W.   Pres..  American  Creosote  Works.  New  Orleans.  La. 

69  c  LARKIN.  A.  E. Mgr..  Republic  Creosoting  (Company.  Minneapolis.  Minn. 

461  c  LATIMER.  J.  D. International  Creosoting  4b  Ck>nstruction  Company.  Galves- 
ton. Texas. 

817  a  LATTIMORE,  C.   H Pres.,   Creosoted   Block   Paving   Co.,   Canadian    Pacific  Rail- 

road Bldg.,  Toronto,  Can. 
96  e  LAWSON,  W.  W Supt  Plant,  National  Lumber  and  Creosoting  Co.,  886  Rail- 
way Exchange  Bldg.,  Kansas  City,  Mo. 

894  c  LAWTON,  THOS.   A Sec'y,  American  Creosoting  Ck).,  17  Battery  Place,  New  York 

City. 

688  c  LEAVITT,    W.   M Western  Cedar  Pole  Preservers,  647  Peyton  Bldg.,  Spokane, 

Wash. 

828  a  LEE.  ROBERT  E Pres..  Hobart  Lee  Tie  Co.,  Springfield.  Mo. 

40  a  LEMBCKE,   G.    A Sec'y-Treas.,  Bernuth  Lembcke  (3o.,  171  Madison  Ave..  New 

York  City. 

617  a  LEVERETT,  W.   H Supt,  National  Zinc  Co..  Kansas  City.  Kans. 

110  a  LEWIS,    F.    J Pres.,  F.  J.  Lewis  Mfg.  Co..  2500  S.  Robey  St,  Chicago  DL 
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118  a  LEWIS.   W.   H Vice  Prea.,   F.  J.  Lcwta  Mfff.   Co.,  2600  S.   Robey  St..  Chi- 
cago, IlL 

6SS  c  LINDSLBY,  E.  A Vice   Pres..    A    Gen.    Msr.,    Western   Wood    Pretervins    Co., 

Spokane,  Wash. 

199  a  LOCKETT,  A.  M. Pres..  A.  M.  Loekett  A  Co.,  New  Orleans.  La. 

12  o  (Charter)  LOGAN,  JOHN  T..PreB.,  National  Lumber  and  Creosoting  Co.,  Texarkana.  Ark. 

242  c  LOOK,   RICHARD  V Pres.,  Canada  Creosoting  Co.,  Toronto,  Canada. 

112  c  LORD,    RUSSELL    .Pres.,  Ayer  and  Lord  Tie  Co.,  1516  Railway  Exchange  Bids., 

Chicago,  lU. 

61  c  LOUD,   H.   S Vice  Pres..  Railway  Tie  Treating  Co.,   165   Broadway,   New 

York  City. 

458  a  MANDENBERG,   EDMUND  C,  Forester,  The  Barrett  Co..  6210  Justine  St.  Chicago,  IlL 

Uh  p  MANION,   KERON   Asst.,  Supt.,  American  Creosoting  Co.  of  New  Jersey,  New- 

ark,  N.  J. 

41  c  MANLEY,  R.   S.   -Prea:,  Creosoted  Materials  Co..  801  Queen  and  Crescent  Bldg., 

New  Orleans,  La. 

26S  e  MARRIOTT.  F.  G. Engr.  of  Tests.  Dept.  of  Works.  Toronto,  Canada. 

250  c  MARTIN.   F.   R Mgr.  Post  and  Pole  Dept.,  Long-Bell  Lumber  Co.,  Marion,  HI. 

3S6  a  MARTIN.  JAS.  R. Vice  Pres.,  Western  SUo  Co.,  Des  Moines,  la. 

U7  c  MATTOS.  F.   D Mgr.    Treating    Plants.    Southern    Pacific    Co..    West    Oak- 
land. CaL 

52  e  McARDLE,    FRANK    Supt.  Tie  Plant,  Indiana  Zinc  Creosoting  Co.,  Terre  Haute, 

Ind. 

453  c  Mccormick.  CHAS.  R Pies.,  Chas.  R.  McConmck  Co.,  Fife  BMg.,  San  Francisco, 

Cal. 

555  a  Mccormick,  H.  F Mgr..  St.  Helens  Lumber  Co.,  St.  Helens.   Ore.    (1921). 

415  c  McCRORY.    FRANK    Chief  Tie  Inspr..   Chicago.  Rock   Island  A  Pacific   Railroad, 

Little  Rock,  Ark. 

441  e  McELHINNEY,   H.  G Gen.  Supt..  The  Kettle  River  Co.,  Madison.  HI 

414  c  McGINTY,  THOMAS  J Treating   Inspr..    Pennsylvania  System.   1006   Century   Bldg., 

St.  Louis,  Mo. 

428  a  McGREW.  CHAS.  L. .Pres.,  Western  States  Lumber  Co.,  Kansas  City,  Mo. 

464  c  McKEE.  R.  E Loni^Bell  Lumber  Co.,  Kansas  City,  Mo. 

lis  e  MEREDITH,  W.   C .Supt.,  Southern  Wood  Preserving  Co..  Atlanta.  Ga. 

419  e  MERBITT,  H.  T.   Supt.,    Indiana   Tie   Co.,    904    CiUsens'    Bank    Bldg.,    Evans- 

ville,  Ind. 

496  a  MILLER,  DAVID  B .c/o  Crowell  A  Murray,  Perry-Payne  Bldg..  Cleveland,  Ohio. 

71  e  MEYER,   AUGUST Wabh  Tie  Co.,  910  Security  Bldg.,  Minneapolis.  Minn. 

474  e  MEYER.  E.  H Vice  Pres..  St,  Helens  Creosoting  Co.,  918  Yeon  Bldg.,  Port- 
land, Oregon. 

5«1  a  MOODY,   WALTER   L,   JR..ABs't  Sec'y,  Denver  MetaU  Co..  Denver.  Colo. 

520  a  MOORE,    GRANVILLE    ....Pres.,  Metals  A  Chemicals  Extraction  Corporation.  San  Fran- 

'    Cisco,  Cal 

254  c  MOORE,  Robt.  H Gen.  Supt,  Canada  Creosoting  Co.,  1  King  St.  E.,  Toronto, 

Ontario. 
576  c  MORIER,   L.    E.   In  Charge   Pole  Treating  Plant.  Naugle   Pole  and  Tie  Co.. 

66  Wabash  Ave..  Chicago.  IlL   (1921). 
5tf  c  MORRIS,  FRED  N Sales  Mgr.,  Union  Cedar  Co.,  1501-5  Second  National  Bank 

Bldg.,  Toledo.  Ohio   (1921). 

114  e  MOSES,   L.   B.   Mgr..  Lumbermen's  Rail  and  Equipment  Bureau,  Chicago,  HI. 

MO  c  MURCHIE,   W.   E.   Cross,  Austin.  A  Ireland  Lumber  Co..  1246  Grand  St,  Brook- 

S51  e  MURPHY,    WM.    B Chief   Chemist   F.   J.   Lewis   Mfg.  Co.,   2500   S.    Robey   St, 

Chicago,  IlL 
402  e' MURRAY,  D.  L.  Supt.,    Atchison,    Topeka    and    Santa    Fe    Treating    Plant 

Albuquerque,  N.  M. 
S67  p  MYERLY,  J.  R ..Treating  Engr.,  Baltimore  and  Ohio  Railroad,  Green  Spring, 

W.  Va. 

50  e  NEWTON,  H.  M. Vice   Pres.   A   Gen.    Mgr.,  MidUnd   Creosoting   Co.,    Granite 

City,  m. 

416  a  NTTCHIE,   CHAS.   C Chemist,  Mineral  Point  Zinc  Co.,  Depue,  IlL 

281  a  NIXON.    E.    A.    Vice  Pres.,  Western  Tie  A  Timber  Co.,  St  Louis,  Mo. 

S14  a  NIXON.  WARREN  C Vice  Pres.,  Western  Tie  A  Timber  Co..  St  Louis.  Mo. 

455  c  OLSON,   JOHN   Selling   Agent    St    Helens    Creosoting   Co..    683    Van    Nuys 

Bldg.,  Los  Angeles,  CaL 
570  a  ONSTAD,  A.  H. Engr.   and   Mill   Architect,    Weyerhaeuser   Timber   Co.,    Box 

1607.  Tacoma,  Wash.    (1921). 
209  e  OSBORNE,  CLYDE Plant  Mgr.,  St.  Helens  Creosoting  Co.,  St.  Helens,  Oregon. 

255  c  PARK.  ERNEST  S.   Sales  Eng.,  Ohio  Wood  Preserving  Co.,  1063  Century  Bldg., 

Pittsburgh,  Pa. 

26  e  PARMINTBR,  L.  L Fort  Morgan,  Cok>. 

268  e  PARROTT,  R.  D Pres.  A  Gen.  Mgr.,  Atlantic  Creosoting  Co..  Norfolk,  Va. 
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404  e  PAUL,   C.   E.    Prof,    of   Mechanics,   Armour   Institute   of   Technology.    Chi- 

cafiTo,  ni. 
271  c  PAUL,  H.  A.   .Treating  Inspr.,  Chicago,  Rock  Island  and  Pacific  Railroad, 

Tie  Plant,  Ark. 
848  c  PEARSON,  RALPH  8. Forest    Economist.    Forest    Research    Institute    and    College. 

Dehra  Dun,  U.  P.,  India. 
450  c  PEIMBERT,   ANGEL   .Chief  Engr.,  National  Railways  of  Mexico,  Cok>nia  Station. 

Mexico  City,  Mex. 
486  c  PELZ,   E.   M.    .Treatment   Inspr.,   Chicago,   Milwaukee   and    St.   Paul    Rail- 
way.  Evansville,  Ind. 

896  c  PENNEY,  JOHN   S T.  J.  Moss  Tie  Co^  St  Louis.  Mo. 

462  c  PEPPLER,  R.  A.   -Supt..  PitUburgh  Wood  Preserving  Co.,  Adelaide,  Pa. 

848  c  PERSHALL,   E.   E Vice  Pres.,  T.  J.  Moss  Tie  Co.,  St.  Louis,  Mo. 

191  e  PESTEL,  A.  C. .Supt.  Tie  Treating  Plant,   Oregon-Washington  Railroad  and 

Navigation  Co.,  Wyeth.  Oregon. 

457  a  PIERCE,  HENRY  B. .Pierce  Fluor  Spar  Co.,  Golconda,  IlL 

115  c  POOLER,   F.    S.    .Tie  Agent,  Chicago,  Milwaukee  and  St.  Paul  Railway,  Chi- 

cago,  Dl. 
500  c  POST,  C.   F Ass't  Purch.  Agt.,  Western  Pacific  Railroad,  MUls  Bldg..  San 

Francisco,  Cal. 

511  a  POTTER.  H.  R.   Salesman,   Potter-Coyle,   Bessemer   Bldg.,   Pittsburgh,    Pa. 

505  c  POUX.   R.  R.   Inspector.   Erie  Railroad,  Meadville,  Pa. 

446  c  PUSINELLI,  JOHN  A. Treatment  Inspr.,  Atchison,  Topeka  and  Santa  Fe  Railway, 

Carbondale,  III. 
600  c  POWELL,  F.  C .Mgr.,  RepubUe  Creosoting  Co.,  Seattle,  Wash. 

896  a  QUEENY,  JOHN  F Pres.,     Monsanto    Chemical    Works,     1800    S.    Second     St., 

St.  Louis,  Mo. 

880  e  RABOURN,  M.  M. .Treating  Inspr.,  Baltimore  and  Ohio  Railroad,  North  Bend. 

Ohio. 
261  c  RAWSON.  R.   H Ckws  and  Rawson,  1124  Yeon  Bldg.,  Portland.  Oregon. 

881  c  RAY,  JOHN  R. 488  S.  Galves  St.,  New  Orieans,  La. 

156  c  RECORD,    S.    J.    Prof,  of  Forest  Products,  Yale  University,  New  Haven.  Conn. 

54  c  REX,  GEO.  E .Vice  Pres.,  National  Lumber  A  Creosoting  Co.,  1784  Strong 

Ave.,  Topeka,  Kans. 
526  a  RHODES,    E.    O.    Chem.    Dir.,   American   Tar   Products   Co.,   Mellon   Institute, 

Pittsburgh,  Pa. 

228  a  RIDSDALE,  P.  S.    Sec'y,  American  Forestry  Association,  Washington.  D.  C. 

549  a  ROCCA,  B.  T.   Engr.,    Metals    and    Chemicals    Extraction    Corporation.    766 

50th   Avenue,   Oakland,   CaL    (1921). 

188  o  RODD.  THOS.,  JR.   .Pres.,  The  Rodd  Co.,  Century  Bldg.,  Pittsburgh.  Pa. 

14  e  (Charter)   ROLLINS,  H.  M..Supt.,  Gulfport  Creosoting  Co.,  Gulfport,  Miss. 

868  c  ROSS,    PERCY   A.   Supt   Treating  Plant.  *E1  Paso  and  Southwestern   Railroad, 

Alamogordo,  N.  M. 
810  e  ROWLAND,    J.   W.    Gen.  Tie  Inspr.,  Baltimore  and  Ohio  Railroad.  Parkersburg. 

W.  Va. 
90  c  RUFLI.  H.  M Supt.,  RepubUe  Creosoting  Co.,  Indianapolis,  Ind. 

566  c  RUSSELL,    WM.   A Inspr.  Green  and  Creosoted  Material.  R.   W.   Hunt  Co.,  St 

Helens,  Oregon    (1921). 

466  c  RYAN,  THOS.  J .Chief   Tie   and   Timber   Inspr.,   Chicago  4b   Eastern    Illinois 

Raiboad,  807  S.  Market  St,  Marion,  IlL 

286  c  SACKETT,   H.   S Ass't   Purch.   Agt,   Chicago,   Milwaukee  and   St   Paul  RaU- 

way,  Chicago,  HL 
898  c  SCHILTHUIS.  J.   J. .United    Indian    Wood    Exploitation    Companies,    Semarang, 

Java. 

567  a  SCHLAPLY,  J.  J Vice  Pres.,  Potosi  Tie  A  Lumber  Co.,  410  Liberty  Central 

Bldg.,  St  Louis,  Mo.   (1921). 

496  c  SCHMAELZLE.  K.  J.  _ Sales  Engr.,  Jennison-Wright  Co.,  Toledo,  Ohio. 

206  c  SCHNATTERBECK,    C.    C.Special   Inspector   in    Charge   Cross-ties.   U.    S.    R.    A.,   904 

Hurley-Wright  Bldg.,  Washington,  D.  C. 
518  a  SCHOELLKOPF,  J.  F.,  JR..Pres..    By-Products    Steel    Corporation.    706    Marine    Trust 

Bldg.,  Buffalo.  N.  Y. 

189  c  SCHOMBURO.  T.  A. Pres..  Continental  Tie  and  Lumber  Co..  Denver.  Colo. 

86  c  SCHULZ,   HARRY   Supt  Wood  Preserving  Plant,  Salt  Lake  Route.  Los  Angeles, 

Cal. 

432  e  SHINN,   FORREST   S .Supervisor,   Chicago,    Burlington   A   Quincy   Treating   Plant, 

Galesburg.  IlL 
61  c  SHIPLEY.    GRANT   B.    Pres.,  Pittsburgh  Wood  Preserving  Co..  Century  Bldg..  Pitts- 
burgh, Pa. 

878  c  SHIPLEY.    JACK   B Mech.  Engr.,  Moore  Shipbuilding  Co..  OakUnd.  Cal. 

154  a  SHIPLEY.    L.   B Bemuth  Lembcke  Co..  171  Madison  Ave..  New  York  City. 

89  c  SHUFORD.  C.   S Supt.  Republic  Creosoting  Co..  Mobile.  Ala. 

871  o  SILVESTER.    EDMUND    L..Lumber  and    Creosote   Inspr..   901   National    Bank   of  Com- 
merce Bldg.,  Norfolk.  Va. 
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262  a  SJODAHL.    H.    A.   Chief  ChemUt.  Chatfield  Mfff.  Co.,  Cincinnati,  Ohio. 

15  e  (Charter)   SMITH,  AMOS  ..Supt.,  Ayer  and  Lord  Tie  Co.,  Ar^enta,  Ark. 

291  e  SMITH,    FRANCIS   P Gonsultins  Ensrr..   Dow  and  Smith.   181  East  2Srd  St.,  New 

York. 
45  c  SMITH,   LOWRY    — Ais't   Div.   En^r..    Eastern   District.    Northern    Pacific   Rail- 
road, St.  Paul,  Minn. 

84  e  SMITH.    P.    A Aas't  Msrr.,  Norfolk  Creosotins:  Co..  Norfolk,  Va. 

289  a  SMITH,    R.    6.    Bnsrr.  A  Chem..  Standard  Oil  Co.  of  California,  200  Bush  St.. 

San  Francisco,  CaL 
216  e  SMITH.   V.  C.    .Cons.    Ensr.,    Government    Railroads    of    India,    c/o    Parr's 

Bank,  Haverstock  Hill,   London.  N.  W..   England. 
421  e  SMITH.  WM.  D ..Cain-Hurley  Lumber  Co.,    1158   People's   Gas   Bids.  Chicago, 

ni. 

185  e  SMITH.  W.  J .Tie  and  Timber  Affent,  Missouri.  Kansas  and  Texas  Rail- 
road, St.  Louis.  Mo. 

468  e  SNOW,   IRVING  M.    Ass't  Supt,,  Pittsburgh  Wood  Preserving  Co.,  AdeUide.  Pa. 

504  e  SNYDER,  C.  H .Cons.  Civil  Ensrr.,  261  Kearny  St,  San  Francisco.  CaL 

558  c  SPECHT.   J.   M.    Tie  Agent.  Southern  Pacific  Railway.  719  Yeon  Bldg..  Port- 

land,  OreflTon    (1921). 

479  e  SPENCER,  WM.  O. Supt.,   Wood   Preservinsr   Works,    Southern    Pacific    Ck>.,    Los 

Angeles,  CaL 

855  e  SPORLEY,  CHAS.  M. National  Pole  Co.,  2516  Doswell  Ave.,  St.  Paul,  Minn. 

427  c  SPROAT,   ROBT .Chief   Lbr.    Inspr.,    Central    Raflroad    of   New   Jersey,    Port 

Reading  Creosoting  Plant.  Port  Reading.  N.  J. 
248  e  STAHL,    K.   F.    (Consulting  Chemist,  General  Chemical  Co.,  2818  Wharton  St, 

Pittsburgh,  Pa. 
104  e  STEINMAYER,  O.  C. Supr.    Timber    Pres.,    St    Louis-San    Francisco,    Springfield, 

Mo. 
58  e  STERLING,    E.    A.    Eastern  Mgr.,  J.  D.  Lacey  ft  Co.,  42nd  St.  Bldg.,  New  York 

City. 

85  c  STEWART,   F.   H -Alamosa,  Colo. 

506  e  STIBOLT.  V.  A. Ass't  (Sen.  Mgr.,  Natalbany  Lumber  Co.,  Hammond,  La. 

92  c  STIMSON,  EARL Chief    Engr.    Maintenance,    Baltimore    and    Ohio    Railroad, 

Baltimore.  Md. 
875  e  STOCKDALB,  J.  S. Purch.  Agt.,  Pittsburgh  Wood  Preserving  CJo.,  CJentury  Bldg., 

Pittsburgh,  Pa. 

285  e  STOCKING,  E.  J .Vice   Pres.,    Central   Creosoting   Co..    Ill    West   Washington 

St,  Chicago,  BL 

429  e  STOTTLEMYER,  E.  M. Gen.    Foreman,   Baltimore  and   Ohio   Treating   Plant,    Green 

Spring,  W.  Va. 
572  a  STREHAN,  GEO.  E (3ons.  Engr.,  Southern  Pine  Association,  112  West  42nd  St, 

New  York  City    (1921). 
471  a  STROTHER,  GRAY  O. Secy  and  Treas.,  Railway  Tie  Treating  Co.,  165  Broadway, 

New  York. 
812  c  STULL,   T.   G.   —Chief  Timber  Inspr.,   Chicago,  Indiana  and   Louisville   Rail- 
way,  Bloomington,   Ind. 
287  e  SWAN,  O.  T. -Sec'y,     Northern    Hemlock    and    Hardwood    Manufacturers' 

Association,   Oshkosh,  Wis. 

438  e  SWARTZ.    ALBERT    Asst    Mgr.   Rys.,    Toledo   Railways   and   Light   Co.,    Toledo, 

Ohio. 

86  e  TAYLOR,    C.    BIARSH ALL.. Supt  Treating  PUnt,  P.  A  R.  and  C.  R.  R.  of  N.  J.,  Port 

Reading,  N.  J. 
804  e  TAYLOR.  THOS.  B. Ass't  to  Pres..  American  Creosoting  Co..  Louisville.  Ky. 

480  e  TEBBY.  C.   E T.  J.  Moss  Tie  Co..  R.  R.  1.  Box  147,  East  St  Louis,  IlL 

192  e  TILLEY,  C.  M Timber  Treating  Inspr.,  Southern  Railway,  Slidell,  La. 

197  e  TOWNSEND.   T.    G 50  East  68th  Street  New  York  City. 

16  a  (Charter)  TOWNSLEY,    WM..  JR.,  GrasselU  Chemical  Co.,  CleveUind,   Ohio. 

882  c  TRACEY,    JOHN    H Timber   Inspr.,   Testing   Division,   City  of   Chicago,  8100   S. 

Sacramento  Ave.,  IlL 
466  a  TRUMAN,   M.  G Vice  Pres.,  Carter  Bloxonend  Fkmring  Co.,  882  S.  Michigan 

Ave.,  Chicago,  BL 
139  e  TRUMBULL,  M.  K. American  Sugar  Refining  Co.,  117  WaU  St..  New  York  City. 

525  a  UNDERWOOD,     LAWRENCE  H.,  Vice  Pres.,   American  Tar  Producto  Co.,  208  S.  La- 

Salle  St,  Chicago.  BL 

17  e  (Charter)     VALENTINE,    H.  S..  Supt,  Eppinger  and  Russell  Co..   165   Broadway,   New 

York  City. 

439  c  VANDERPOEL,   WM.   K.    —Gen.  Supt.  Distribution,  PubUc  Service  Electric  Co.,  80  Park 

Place,  Newark.  N.  J. 
65  e  VAN   METRE,   RICKER   .-Vice  Pres..   Joyce-Watkins  CJo.,  882  S.   Michigan  Ave.,  Chi- 

cago,  IlL 

528  e  VESEY,  ROBT.  S Works   Mgr.,   Wm.   Christie  ft   Co.,   Ltd.,    Christie's   Wharf, 

London,  S.  E.  7,  England. 
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141  c  von  LEEB,  H.  J .Tre«tins  Inspr.,  Baltimore  and  Ohio  Railroad,  601  South  8th 

St.,  Terre  Haute,  Ind. 

46  c  von  SCHRENK,  HERMANN    Cons.    Timber   Engr.,   Tower   Grove   and   Flad   Avenues,    St. 

Louis,  Mo. 

878  e  VORUM,  A.  H.  Inspection  Enffr.,  Western  Electric  Co.,  196  Broadway.  New 

York  City. 

826  c  WADDELL,   KENNETH  M..Chemist,  Jennison-Wright  Co.,  Toledo,  Ohio. 

266  c  WALLACE,   H Supt.,  Federal  Creosoting  Co.,  Rome,  N.  Y. 

648  e  WALSH.  LIONEL  O.  P.  — Qen.  Mgr.,  Dominion  Tar  A  Chemical  Co.,  171  James  Street. 

Montreal,  Quebec   (1921). 
Ill  a  WALSH.  P.  R Pres.,  Walsh  Tie  Co.,  Security  Bids.,  Minneapolis.  Minn. 

468  o  WALTER,  FRED  J. .Nashville,    Chattanooga   and    St.    Louis   Railroad,    Nashville. 

Tenn. 

420  c  WASTJER.    JOSEPH    Sec'y,  Indiana  Tie  Co..  Evansville.  Ind. 

81  e  WATERMAN,   J.  H. .Supt.  Timber  Preservation.  Chicago,  Burlington  and  Quincy, 

Galesburg,  lU. 

150  c  WATKINS,   W.  T Pres..  Joyce-Watkins  Co..  882  S.  Michigan  Ave..  Chicago.  IlL 

661  a  WAUGH.  FRANK  A Walter  Waugh   and  Co.,   4   Lk>yd's   Ave..    London.    England 

(1921). 

887  c  WEATHERLY,   J.   L. Sales  Engr..  Jennison  Wright  Co.,  906  Crozer   Bldg..   Phila 

delphia.  Pa, 

184  c  WEBER,  J.   M.   ..Supt..  Ohio  Wood  Preserving  Co..  Orrville.  Ohio. 

806  a  WEGENER.    RICHARD Pres.,  Standard  Tar  Products  Co..  MQwaukee,  Wis. 

79  h  WEISS,   HOWARD   F. .(3ons.  Engr..  C.  F.  Burgess  Laboratories.  Madison.  Wis. 

616  e  WEST,  O.   R.  r..Ass't  Div.  Engr.,  Atchison,  Topeka  and  Santa  Fe  Railway, 

San  Francisco,  CaL 

469  a  WETMORE,    WILLARD    CResidual    Oils    Corporation,    1818    People's    Gas    Bldg.,    Chi- 

cago.  111. 

666  a  WHEELER,    CHAS.   L. Gen.    Mgr.,    St.   Helens   Dock   A   Terminal    Co.,    St.    Helens, 

Oregon   (1921). 

484  c  WHITE,  FRANK  G. Chief  Engr.,  Board  of   State  Harbor  Commissioners,   Ferry 

Bldg.,  San  Francisco,  CaL 

177  c  WHITE,  THOS.  M. ...American  Creosote  Works,  Louisville,  Miss. 

487  c  WILKINSON,  J.   M.   »12  W.  Chestnut  St.,  Bfarion,  lU. 

47  c  WILLIAMS,   J.   C Lumber  Yard  Foreman.  Port  Reading  Creosoting  Plant.  Port 

Reading.  N.  J. 
497  c  WILLIAMS,  J.  W Chief   Engr.,   Northwestern    Pacific   Railroad,    64    Pine    St., 

San  Francisco,  Cal. 

188  e  WILLIAMS.  R.  B. Pres.  A  Treas..  Indiana  Tie  Co.,  Evansville,  Ind. 

899  e  WILSON,   ROGER   Chemist,  Republic  Creosoting  (3o.,  Minneapolis,  Minn. 

478  c  WILTSEE,  W.  P. .Ass't  Engr..  Norfolk  and  Western  Railway.  Roanoke.  Va. 

426  c  WOOD,   GALEN    .Chemist.   Philadelphia  and  Reading  Railroad,  Port  Reading. 

676  e  WOOD.   O.   H.    .Ass't  Purch.  Agt.,   Great  Northern  Railroad.   824   King  St., 

Seattle,  Wash.   (1921). 
640  a  WOOD,  WM.   PHILO .Tar  Products  Corporation,  918  Turks  Head  Bldg..  Providence, 

Rhode  Island. 
469  e  WOODRUFF,  H.  W.,   JB....Gen.  Mgr.,  Hattiesburg  Creosoting  Co..  Hattiesburg.  Miss. 
486  o  WYMAN.   R.   L.    ..Inspector,  Pacific  Coast  Forest  Products,  487  Pittock  Bk>ck, 

Portland,  Oregon. 

844  c  ZELLER,  W.   0. ....Supt.,   American   Creosoting   Co.    of    New   Jersey,    Newark, 

N.  J. 
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Railroads 


ATCHISON.  TOPEKA  ft  SANTA  FE: 
Belcher.  R.   S. 
Brennan.  T.   S. 
Cooper.  S.  D. 
Curry.    J.   H. 
Faulkner.    E.    O. 
Jackson.   W.   E. 
KeiflT.    J.  R. 
Hurray.   D.   L. 
PusineOi.  J.  A. 
West,   O.  R. 

BALTIMORE  AND  OHIO: 
Alexander,  E.  E. 
Anffier.   F.   J. 
KimbalU  L.  P. 
Kittle.  C.   L. 
Myerly.  J.  R. 
Rabonm.  M.  M. 
Rowland.  J.  W. 
Stimoon.   Earl 
Stottlemyer.  E.  IL 
von  Leer,  H.  J. 

BUFFALO,  ROCHESTER  ft  PITTS- 
BURGH: 
Hoyt,  H.   B. 

CANADIAN  PACIFIC: 
Dixon.  J.  H. 

CENTRAL   OF   GEORGIA: 
Harper.  L.  H. 

CHICAGO.   BURLINGTON   ft 
QUINCY: 
HaiTffander.  G.  A. 
Insalls.  E.   E. 
Shinn.   F.  S. 
Waterman.  J.  H. 

CHICAGO  ft  EASTERN  ILLINOIS: 
Ryan.  T.  J. 

CHICAGO  GREAT  WESTERN: 
Graham.  F.  N. 

CHICAGO.     INDIANAPOLIS     ft 
LOUISVILLE: 
Kent.   A.  S. 
Stull,   T.   G. 

CHICAGO.    MILWAUKEE    ft    ST. 
PAUL: 
Peb.  K  N. 
Pooler,   F.   S. 
Sackett.   H.   S. 

CHICAGO  ft  NORTHWESTERN: 
Bacon.  W.  L. 
Davidson,   Geo.  M. 

CHICAGO.  ROCK  ISLAND  ft 
PACIFIC: 
Ford.  C.  F. 
McCrory,  Frank 
Paul.  H.  A. 


CLEVELAND.    CINCINNATI. 
CHICAGO  ft  ST.  LOUIS: 
Dixon.  G.  C. 

DELAWARE.   LACKAWANNA   ft 
WESTERN : 
Gosline.  C.   E. 

DETROIT  ft  MACKINAC: 
Amis.  J.  C. 

EL  PASO  ft  SOUTHWESTERN: 
Ross,  P.  A. 

ERIE    RAILROAD: 
Bush.   H.    O. 
Falconer.  R.  C. 
Poux.   R.   R. 

GOVERNMENT     RAILROADS     OF 
INDIA : 
Smith.  V.   C. 

GREAT  NORTHERN: 
Wood.   O.  H. 

ILLINOIS  CENTRAL: 
Bowser.  E.  H. 

LONDON    ft   NORTHWESTERN 
(ENGLAND)  : 
Bolsover.   Guy 

MISSOURI.  KANSAS  ft  TEXAS: 
Elam.  Wm. 
Smith.  W.  J. 

MISSOURI  PACIFIC: 
Graham.  R.  A. 

NATIONAL    RAILWAYS    OF 
MEXICO: 
Peimbert.   Ansrel 

NASHVILLE.   CHATTANOOGA  ft 
ST.    LOUIS: 
Walter.  F.  J. 

NEW  YORK  CENTRAL: 
Green.  C.  W. 

NORFOLK  ft  WESTERN: 
BeU.  H.  C. 
Gibboney,  J.   H. 
Wiltsee,   W.   P. 

NORTHERN    PACIFIC: 
Gibson.   Andrew 
Smith.  Lowry 

NORTHWESTERN  PACIFIC: 
Williams.  J.  W. 

OREGON-WASHINGTON    RAILROAD 
ft     NAVIGATION     COMPANY: 
Pestel,    A.    C- 
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Railroads— (Continued) 


PENNSYLVANIA: 
BUck.   J.   M. 
BriffSt,   Z.   M. 
Chilcoftt,   G.   W. 
Condon,  H.  R. 
Foley,  John 
Hopkins,  H.  W. 
Krell.   F.   C. 
McGinty.  T.  J. 

PHILADELPHIA   A   READING: 
Sproat,   R. 
Tayk>r,  C.  M. 
WiUiams,  J.  C. 
Wood.    Galen 

PITTSBURGH  ft  LAKE  ERIE: 
Clarke,   Roy  C. 

ST.  LOUIS  ft  SAN  FRANCISCO: 
Steinmayer,   O.  C. 

SAN    FRANCISCO-OAKLAND 
TERMINAL: 
Harrii,  Geo.  H. 

SAN  PEDRO.  LOS  ANGELES 
ft  SALT  LAKE: 
Schulz,  Harry 


SOUTHERN: 

Finke.  W.  F.  H. 
Tiney.   C.   M. 

SOUTHERN  PACIFIC: 
Adams.  Charles 
Anderson.  Harvey  A. 
France,  R.    L. 
Isaacs.  John  D. 
Jaekle.  W.  M. 
Kirkbride,   W.   H. 
Mattos,  F.  D. 
.    Specht,  J.  IL 
Spencer,  W.   O. 

TEXAS    ft     PACIFIC    AND     INTER- 
NATIONAL  AND  GREAT 
NORTHERN: 
Kennedy,  L.  T. 

UNION   PACIFIC: 
Johnson,   J.   A. 

WESTERN  PACIFIC: 
Post.   C.  F. 

WISCONSIN  ft  NORTHERN: 
Hartley,   H.   C. 


Street  Railways 


BOSTON  ELEVATED  RAILWAY 
COMPANY: 
Curtin.  M.  J. 


TOLEDO   RAILWAYS  AND  LIGHT 
COMPANY : 

Swartz,  Albert 


Commercial  Treating  Plants 


AMERICAN  CREOSOTING 
COMPANY: 
Austin.  H.  E. 
Crawford.  C.   G. 
Durham,  J.  H. 
Grady,  W.   H. 
Kuehn,  A.  L. 
Lawton.   T.  A. 
Taylor,  T.   B. 

AMERICAN    CREOSOTING    COM- 
PANY OF  NEW  JERSEY: 
Draper.   E.   G. 
Manion.   Keron 
ZeUer,  W.  C. 

AMERICAN  CREOSOTE   WORKS: 
Labrot,  S.  W. 
White,  T.  M. 

ATLANTIC   CREOSOTING   AND 

WOOD    PRESERVING  WORKS : 
Parrott,  R.  D. 

AYER  AND  LORD  TIE  COMPANY: 
Armstrong.  A.  W. 
Lord,  Russell 
Smith.  A.  M. 


BURT,   BOULTON   AND   HAYWOOD, 
LTD.    (ENGLAND)  : 
Ferffusson.   Hubert 

CANADA   CREOSOTING   COMPANY: 
Doan.  W.   E. 
Look,  R.  V. 
Moore,  R.  H 

CENTRAL  CREOSOTING 
COMPANY: 
Bade,  J.  H. 
Card.   J.   B. 
Hamilton,   R.   M. 
Stockinsr,  E.  J. 

CHRISTIE,     WM..    AND    COMPANY, 
LTD.    (ENGLAND)  : 
Vesey,  Robert  S. 

COLLSTROP,  R.,   LTD. 
(D&NMARK)  : 
CoUstrop,  A. 

COLMAN   CREOSOTING   COMPANY: 
Colman,  G.  A. 
Colman,  L.  J. 
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Commercial  Treating  Plants— (Continued) 

COMPRESSED  WOOD   PRESERVING       JENNISON-WRIGHT   COMPANY: 


COMPANY: 
Frey,  G.   W. 

CONTINENTAL    TIE    AND    LUM- 
BER COMPANY: 
Schomberv,  T.  A. 

CREOSOTED  BLOCK  PAVING 
COMPANY,    LTD.: 
AnnstronsT,  Westropp 
Lattimore,  C.   H. 

CREOSOTED    MATERIALS    COM- 
PANY, INC.: 
Hamilton,  F.  P. 
Manley,  R.   S. 

DOMINION   TAR   AND  CHEMICAL 
COMPANY: 
Walsh,  L.  O.  P. 

EPPINGER  AND  RUSSELL 
COMPANY: 
Chadwick.  C.   S. 
Valentine.  H.  S. 

ETABLISSEMENTS   GAILLARD 
(FRANCE)  : 
Boyer,  Loais 

FEDERAL  CREOSOTING  COMPANY : 
Wallace,  H. 

GULFPORT  CREOSOTING 
COMPANY: 
Fant,   A.   E. 
RoDins.  H.  M. 

HATTIESBURG  CREOSOTING 
COMPANY : 
Woodruff,  H.  W.,  Jr. 

INDIANA  CREOSOTING  COMPANY: 
BarkhaHer,  D. 

INDIANA  TIE  COMPANY: 
Carman.   C.  E. 
CecU,  W.  A. 
Merritt,    H.   T. 
Wastjer.  Joe. 
Williams.   R.    R. 

INDIANA   ZINC  CREOSOTING 
COMPANY : 
Barber.    Frank    A. 
McArdk,   Frank 

INTERNATIONAL    CREOSOTING 
AND  CONSTRUCTION 
COMPANY : 

Allardyce.  R.   L. 

Boehne.  E.  E. 

Cakler.  R.  J. 

Latimer,  J.  D. 


Cherringrton,  F.  W. 
Dresser,  G.  L. 
Ericson,  L.  T. 
Jennison.  H.  G. 
Schmaelzle,  K.  J. 
WaddeU,  K.  M. 
Weatherly,  J.  L. 

JOYCE-WATKINS  COMPANY: 
Joyce,  A.  R. 
Van  Metre,  R. 
Watkins,  W.  T. 

KETTLE   RIVER  COMPANY: 
Calvin,  R.  A. 
Kneeland,  R.   E. 
McElhinney,  H.  G. 

liASSACHUSETTS    LUMBER    AND 
CREOSOTING   CO.: 
Brisrht.  E.  W. 

MIDLAND  CREOSOTING  COMPANY: 
Newton.  H.  M. 

MONONGAHELA    WOOD    PRESERV- 
ING COMPANY: 
Hoyt.  W.  E. 

MOSS,  T.  J.,  TIE  COMPANY: 
Fristoe,  J.  W. 
Penney,  J.  S. 
PershaD,  E.   E. 
Tebby,  C.  E. 

NATIONAL    LUMBER    AND 

CREOSOTING  COMPANY^ 
Harris,   Paare 
Lawson,  W.  W. 
Losran.    J.    T. 
Rex,   Geo.  E. 

NORFOLK  CREOSOTING  COMPANY: 
Smith,   P.   A. 

OHIO   WOOD    PRESERVING 
COMPANY : 
Park,    E.    S. 
Weber,    J.    M. 

PACIFIC    CREOSOTING    COMPANY: 
Book,  J.  E. 
Chadbourne,    B. 
Horrocks.   H.   E. 

PITTSBURGH    WOOD    PRESERVING 
COMPANY: 
Peppier,  R.  A. 
Shipley.   Grant   B. 
Snow,  I.  M. 
Stockdale,   J.    S. 

RAILWAY  TIE   TREATING 
COMPANY: 
Clements,   C.   M. 
Loud.   H.   S. 
Strother,  G.  O. 
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Commercial  Treating  Plants— (Continued) 


REPUBLIC  CBEOSOTING 
COMPANY: 
Batson,  C.  D. 
Hera.   L.  E. 
Larkin,  A.  E. 
Powell,   F.   C. 
Rufli.  H.  M. 
Shuford,   C.   S. 
Wilson.  Roger 

ST.  HELENS  CREOSOTING 
COMPANY : 
Fairley.   R.   H. 
Garland.  F.  J. 
Meyer,  E.  H. 
Olson,  John 
Osborne,   C. 

ST.    PAUL  AND   TACOMA   LUMBER 
COMPANY: 
GrisKs,  E.  G. 

SANTA  FE  TIE  AND  LUMBER 
PRESERVING  CO.: 
Kistler,  L.  W. 


SOUTHERN  CREOSOTING 
COMPANY : 
Dunstan.   J.   H. 
Grant.   J.   D. 
Kelleher.  W.  J. 

SOUTHERN   WOOD   PRESERVING 
COMPANY : 
Meredith,  W.   C. 

VANCOUVER  CREOSOTING 
COMPANY: 
Hermann,    G.    E. 

WALSH   TIE    COMPANY: 
Furlons,   L.   A. 
Meyer,   A. 
WaUh,  P.  R. 

WATKINS  CREOSOTING  COMPANY : 
Helson,  J.  R. 

WESTERN    CEDAR    POLE 
PRESERVERS: 
Leavitt,  W.   M. 

WESTERN   WOOD   PRESERVING 
COMPANY: 
Lindsley.  E.   A. 


Tie  and  Timber  Companies 


ALLEN,  E.  J. 

AMERICAN    LINE   MATERIALS 
COMPANY : 
Carpenter,  W.  M. 

AMERICAN  TIE   AND  TIMBER 
COMPANY: 
Brown,  S.   K. 

ANGUERA  LUMBER  AND   TIE 
COMPANY : 
Clifton,   W.  H. 

BAXTER.  J.  H.,  AND  COMPANY: 
Baxter,  A.  M. 

BLASSINGHAM.    M.    T.,    AND 
COMPANY: 
Blassingham,  M    T. 

CAIN-HURLEY    LUMBER 
COMPANY : 
Smith.  W.  D. 

CHAPIN,  E.  T.,  CO.: 
Chapin,  E.  T. 

CARTER   BLOXONEND    FLOORING 
COMPANY: 
Truman,  M.  G. 

COOK,  WM.  P.,  AND  COMPANY: 
Cook,  Wm.  P. 

COONEY,    ECKSTEIN    AND 
COMPANY: 
Cooney,  C.  T. 


CREO-FIR    WOOD    BLOCK    PAVING 
COMPANY : 
Enriffht,  F.  M. 

CROSS,   AUSTIN   AND    IRELAND 
LUMBER  CO.: 
Murchie.  W.  E. 

FLORIDA  LUMBER  AND  CRATE 
COMPANY: 
Bryan,  Gordon 

GILLIS   AND   COMPANY: 
Kehoe,   H.  B. 

GOLTRA,  W.   F.,  TIE   COMPANY: 
Goltra,  W.  F. 

HINCKLEY.    GEO.    W.,    COMPANY: 
Hinckley,  Geo.  W. 

HOBART  LEE   TIE  COMPANY: 
Lee,  Robert  E. 

KINZEL  LUMBER  COMPANY: 
Kinzel,  L.  K. 

LONG-BELL   LUMBER   COMPANY: 
Ashby,  H.  N. 
Fritz,  C.   C. 
Frye,   Ralph   K. 
Martin.    F.   B. 
McKee,  R.  E. 


MCCORMICK.  CHAS.  R., 
Ball,  W.  C. 
McCormick,   Chas.   R. 


CO.: 
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Tie  and  Timber  Companies— (Continued) 


NASHVILLE  TIE  COMPANY: 
Andrews,   Howard 

NAT  ALBANY   LUMBER   COMPANY: 
Stibolt.   V.   A. 

NATIONAL  POLE  COMPANY: 
Sporley,  C.   M. 

NAUGLE  POLE  AND  TIE 
COMPANY: 
Morier.   L.   E. 

PAGE  AND  HILL  COMPANY.  THE: 
Barnes.  J.  D. 
HOU  L.  L. 

POTOSI  TIE  AND  LUMBER 
COMPANY: 
Sehlafly.   J.   J. 

RODD  COMPANY.  THE: 
Hicks.   S.  D. 
Rodd.   Thos..    Jr. 

ST.    HELENS    LUMBER   COMPANY: 
McCormiek.  H.  F. 


UNION   CEDAR   COMPANY: 
Faylor,  C.  E. 
Morris.  F.  M. 

UNITED   INDIAN  WOOD   EXPLOI- 
TATION   COMPANIES: 
SchUthuis.   J.  J. 

VALENTINE-CLARK  COMPANY: 
Clark.   E.   L. 

VON-PLATEN   FOX  COMPANY: 
Fox.  M.  J. 

WESTERN  STATES   LUMBER 
COMPANY: 
McGrew.  C.  L. 

WESTERN  TIE  AND  TIMBER 
COMPANY: 
Nixon.  E.  A. 
Nixon,  W.  C. 

WEYERHAEUSER    FOREST 
PRODUCTS: 
Hamilton.   C.   L. 

WEYERHAEUSER   TIMBER 
COMPANY: 
Onstad,  A.  H. 


Chemical  Manufacturers,  Importers,  and  Dealers, 
and  Other  Manufacturing  Companies 


ALLIS-CHALMERS    MANUFACTUR- 
ING COMPANY: 
Grow.  J.  H. 

AMERICAN  TAR   PRODUCTS 
COMPANY: 
Davia.  J.  W. 
Rhodes,   E.   O. 
Underwood,  L.  H. 

ARKANSAS  ZINC  COMPANY: 
Fulks.  E.  B. 

ASSOCIATED  OIL  COMPANY: 
Jurs.  L.  D. 

BARDEWYCK  CO..   R.: 
Gutschow.   Paul 

BARRETT  COMPANY.  THE: 
Barth.  K.  C. 
Buehler.   Walter 
Church.   S.    R. 
MandenberiT.   E.   C. 

BERK.    F.    W^    AND    COMPANY. 
LTD.    (ENGLAND)  : 
Berk.   P.  F. 

BERNUTH.     LEMBCKE     COMPANY. 
INC.: 
BemuthfOsear 
Fisher.  Wm.  A. 
Krocmer.   F.  W. 
Lembcke,   G.  A. 
Shipley.  L.  B. 


BLACKALL.    ROBERT  H. 

C.  A.  WOOD  PRESERVER 
COMPANY: 
Gerhard.  H.  H. 

CABOT,   THE   SAMUEL.  COMPANY: 
Cabot,    Samuel 

CHATFIELD  MANUFACTURING 
COMPANY: 
SJodahl,   H.   A. 

DU  PONT  CHEMICAL  WORKS: 
Kinsman,   J.   W. 

FOREST    PRODUCTS    CHEMICAL 
COMPANY : 
CUfford,  W.  E. 

GENERAL   CHEMICAL   COMPANY: 
Hawkes,  A.  W. 

GRASSELLI  CHEMICAL  COMPANY: 
Davis.   H.  E. 
Drefahl,    L.    C. 
Jordan,  J.  H. 
Townsley.  Wm. 

GRAVER    CORPORATION: 
Gibson.   W.   C. 

GREAT   WESTERN   ELECTRO 
CHEMICAL  CO.: 
Henderson.    C.    T. 
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Chemical  Manufacturers, 
and  Other  Manufacturing 

GREENLEE   BROTHERS   AND 
COMPANY: 
Edwards.    D.   W. 

INTERNATIONAL  COAL  PRODUCTS 
CORPORATION : 
Berminflrham,  Edward 

KERN    COlftMERCIAL    COMPANY: 
Greenebaum,  Milton 

KINNEY  COMPANY.  THE: 
Kinney.  N.  B. 

LEWIS.   F.   J..   MANUFACTURING 
COMPANY : 
Lewis.  F.  J. 
Lewis.    Wm.    H. 
Murphy.   Wm.   B. 

LOCKETT.  A.  M.,  CO.: 
Loekett.  A.  M. 

METALS   AND    CHEMICALS 

EXTRACTION  CORPORATION : 
Moore.  Granville 
Rocca.   B.   T. 

MINERAL  POINT  ZINC  COMPANY: 
Nitchie.  C.  C. 

MONSANTO  CHEMICAL  WORKS: 
Bradley.  Mark 
Queeny,  John  F, 

NATIONAL   ZINC  COMPANY: 
Leverett.   W.   H. 

NEW   JERSEY  ZINC  COMPANY: 

Breyer,  F.  G. 
Hendricks.  W.   H. 


Importers  and  Dealers, 
Companies — (Continued) 

NORTHEASTERN   COMPANY.   THE: 
Eastwick.  C.  H. 

PARAFFINE   COMPANIES: 
GreiK,   Wm.  R. 

PIERCE    FLUORSPAR   COMPANY: 
Pierce.  H.  B. 

PROTEXOL  CORPORATION: 
Hartman.  E.  F. 

REEVES   COMPANY.    THE: 
Jahncke.  W.  F. 

RESIDUAL    OILS   CORPORATION: 
Wetmore,  W.  C. 

SHELL   COMPANY: 
Cortes.  C.  E. 

STANDARD   OIL  COMPANY   OF 
CALIFORNIA: 
Smith.  R.  G. 

STANDARD    TAR   PRODUCTS 
COMPANY: 
Wegener.   Richard 

TAR   PRODUCTS   CORPORATION: 
Wood.  W.   P. 

UNITED  GAS  IMPROVEMENT 
COMPANY: 
Fulweiler,  W.  H. 

WAUGH.  WALTER,  AND 
COMPANY: 
Waugh.  F.   A. 

ZOBEL.  ERNST.  COMPANY: 
Gramm.  C.  W. 


Chemists,  Consulting  Engineers,  Inspectors,  etc. 


AUerton,  David 
Ahnon,  W.  D. 
Babcock,  E.  B. 
Baker.  J.  S. 
Becker.  A.  C. 
Berry,  C.  W. 
Brunnier,  H.  J. 
Collins,  E.  S. 
Crowell  and  Murray 

MUler.  D.   B. 
DeCew.  J.   A. 
Dow  and  Smith 

Dow.  A.  W. 

Smith,  F.  P. 
Emerson  Company,  The 

Emerson,  Harrington 
Foersterlinsr.   Hans 
Goes  and  Rawson 

Goss.  O.  P.  M. 

Rawson,  R.  H. 
Harrell.   E.   H..  Co. 

Harrell.   E.  H. 


Hendricks.  V.  K. 
Hunt,  R.  W.,  A  Co. 

Campbell.  J.  H. 

Russell,   Wm.   A. 
Johnston.   T.   P. 
Judge.  F.  B. 
Kendrick.  J.  W. 
Lacey.  J.  D..  A  Co. 

Sterling.   E.  A. 
Ray.  John  R. 
Silvester,   E.   L. 
Snyder,  C.  H. 
Stahl,  K.  F. 
Stewart.  F.  H. 
Townsend,  T.  G. 
von  Schrenk  and  Kammerer 

Kammerer.  A.  L. 

von  Schrenk.  Hermann 
Weiss.   H.   F. 
Wilkinson,  J.  M. 
Wsrman.  R.  L. 
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Governments 

AMERICAN  ARMY : 

U.  S.  FOREST  SERVICE:  Clarke.  G.  S. 

iS^^^'tFU^L^  V  CALIFORNIA    BOARD    OF   STATE 

Deutjch    Margaret  F.  HARBOR   COMMISSIONERS: 

HfnrC.''L.^  White.  F.  G. 

Hunt,  Geo.  M.  fobbiqn 

U.S.  RAILROAD  ADMINISTRATION:        FOREST   RESEARCH   INSTITUTE 
Schnattcrbeck.  C.  C.  AND   COLLEGE— INDIA : 

.  Pearson,  R.  S. 

Educational  Institutions 

ARMOUR   INSTITUTE   OF  YALE  UNIVERSITY: 

TECHNOLOGY:  Record,  S.  J. 

Paul,   C.   B.  UNIVERSITY   OF  CALIFORNIA: 

Kofoid,  C.   A. 

Associations 

AMERICAN   WOODS   EXPORT  SOUTHERN  PINE  ASSOCIATION: 
ASSOCIATION:  Strehan,  Geo.  E. 

Brown,   N.    C. 

NORTHERN  HEMLOCK  A  HAR^^^^  WEST    COAST    LUMBERMEN'S 
ASSOCIATION :  ASSOCIATION : 

Swan,  O.  T.  Ho^rue.  C.  J. 

Firms  Not  Classified 

AMERICAN    SUGAR   REFINING  HOGGSON   BROTHERS: 
COMPANY:  Fowler,  J.  W. 

Trumbull,  M.   K.  HUMPHREYS,   C.   L. 

AMERICAN  TELEPHONE  AND  ,  ,r*.«T;,T.*.^xT.o   »att     AXTT^ 

TELEGRAPH  CO  :  LUMBERMEN'S  RAIL   AND 
Ereleaton,  R.   C.  EQUIPMENT    BUREAU: 

Hosford,  R.   F.  Moses,  L.  B. 

ASSOCIATED    FACTORY    MUTUAL  MOORE  SHIPBUILDING   COMPANY: 

FIRE   INSURANCE  Shipley,  Jack  B. 


COMPANIES: 
Hoxie,  F.  J. 


POTTER-COYLE : 
Potter,  H.  R. 


^^^cSKS)A^^^  ^^-   ^^  PUBLIC   SERVICE   ELECTRIC 
|Ji?r  J   „•  COMPANY: 

Dixon.  J.  H.  Vanderpoel,  W.  K. 

BY-PRODUCTS   STEEL  „^    L«r  17x7  UrlV    AXTf^ 

CORPORATION:  ST.   HELENS  DOCK  AND 
Golden,  W.  J.  w?^P^S^^  COMPANY: 

Kinkel    R.  P.  Wheeler,  Chas.  L. 

Schoeliicopf,    J.    F.  WESTERN  ELECTRIC  COMPANY: 

CALIFORNIA  AND  HAWAIIAN  Amadon,   C.   H. 

SUGAR  REFINING   CO.:  Vorum,  A.  H. 

Brown,  A.  A.  WESTERN    SILO    COMPANY: 

DENVER  METALS   COMPANY:  Martin.   J.   R. 

Moody,  W.   L.  WESTERN     UNION     TELEGRAPH 

FRICK,  H.  C,  COKE  COMPANY:  CO.: 

Dawson.  Thos.  W.  Howe,  P.   J. 

Municipalities 

CHICAGO,  ILL.:  MINNEAPOLIS.   MINN.: 

Traeey,  J.   H.  Davies,  E.  T. 

Dutton,  E.   R. 
TORONTO,    CANADA: 
Marriott,  F.  G. 

Periodicals 

"AMERICAN    FORESTRY":  "RAILWAY    MAINTENANCE 

Ridsdak,  P.  S.  ENGINEER": 

Howson.   E.   T. 
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Proceedings 

OF  THE  SEVENTEENTH  ANNUAL  MEETING  OF 

THE  AMERICAN  WOOD-PRESERVERS' 

ASSOCIATION 


OPENING  SESSION 

The  Seventeenth  Annual  Meeting  of  the  American  Wood-Pre- 
servers' Association  was  held  at  Hotel  St.  Francis,  San  Francisco, 
Calif.,  January  25,  26,  and  27,.  1921,  Mr.  A.  R.  Joyce,  President, 
presiding. 

The  President:  The  Seventeenth  Annual  Meeting  of  the  Ameri- 
can Wood-Preservers'  Association  will  come  to  order.  We  will  be 
led  in  prayer  by  Reverend  Doctor  Rathbone.    Let  us  all  stand. 

Dr.  Rathbone:  Oh,  God,  our  Father,  we  are  very  glad  to  bow 
our  heads  this  morning  in  Thy  presence.  Thou  who  art  the  author 
and  the  preserver  of  lis  all,  Thou  from  whose  hands  dost  come  all 
the  good  gifts  that  we  so  richly  enjoy.  And,  our  Father,  we  are 
very  glad  this  morning  that  we  can  come  together  here  as  those 
who  are  seeking  one  particular  branch  of  Thy  industry.  We  pray, 
our  Father,*  Thy  blessing  upon  us,  not  simply  that  our  minds  and 
hearts  may  be  clear  and  steadfast,  but  that  out  of  the  vexations  of 
life  Thou  wilt  help  us  to  think  that  all  the  things  that  Thou  wouldst 
have  us  to  do  shall  be  the  things  that  we  shall  do  if  it  be  pleasing 
in  Thy  sight.  .May  our  lives  and  our  interests  be  blessed  of  Thee 
and  wilt  Thou  lead  us  in  the  way  everlasting;  to  Thee  let  us  give 
praise  forever  and  ever.    Amen. 

The  Present:  Ladies  and  Gentlemen,  we  are  in  the  city  of 
San  Francisco.  [Applause.]  It  is  a  very  great  pleasure  to  call  on 
his  honor,  the  Mayor  of  San  Francisco,  Mr.  Rolph,  to  make  us  an 
address  of  welcome.    [Applause,] 

Mayor  James  Rolph  :  Mr.  President  and  Delegates  to  the  Con- 
vention: I  was  very  much  cheered  when  you  responded  to  the  name 
of  San  Francisco  in  such  a  pleasing  way  this  morning,  which  indi- 
cates you  are  happy  to  be  in  this  city,  and  I  want  to  thank  the  local 
committee  for  giving  me  the  opportunity  of  welcoming  you  to  this 
great  city  of  the  West. 
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This  is  your  Seventeenth  Annual  Convention,  and  for  the  first 
time  you  have  come  to  the  Far  West.  Heretofore  you  have  confined 
your  activities  to  the  East.  St.  Louis  was,  I  understand,  the  far- 
thest point  West  that  you  could  see,  but  you  have  come  out 
to  the  home  of  the  pine  and  the  redwood.  You  have  come  out  to 
the  place  where  the  great  trees  are  grown  and  the  saw  mills  cut 
the  trees.  You  in  the  East,  to  a  great  degree,  preserve  the  products 
of  the  West,  so  it  is  only  natural  that  after  17  years  of  discussing 
your  own  affairs  in  the  East  you  come  out  West  to  see  what  we 
produce,  the  great  domain  that  we  live  in,  the  great  possibilities  of 
this  great  country,  and  go  back  feeling  better  that  you  have  come 
on  out  to  get  a  whiff  of  the  Pacific  Ocean,  and  to  know  that  out 
west  of  the  Rocky  Mountains  there  is  a  domain  that  you  never 
dreamt  of  in  the  confines  of  the  East. 

California  is  a  State  750  miles  long  and  250  miles  wide,  and  you 
could  put  in  the  whole  of  the  Atlantic  bordering  States  into  Cali- 
fornia and  there  would  still  be  room  for  more.  You  could  put  the 
British  Isles  into  California,  and  they  would  hardly  be  noticeld. 
You  could  put  the  Empire  of  Japan  into  California,  and  it  would 
not  occupy  much  more  territory  than  one  big  county  in  the  State  of 
California,  and  in  San  Francisco, — oh,  my  heart  thrills  when  I 
speak  of  San  Francisco.  I  am  the  proudest  man  in  the  whole 
United  States  to  be  Mayor  of  this  great  city — destroyed  by  fire 
three  times.  When  I  saw  a  number  of  the  delegates  this  morning 
looking  at  the  wonderfully  carved  ceiling  of  this  magnificent  room ; 
that  is  just  typical  of  what  San  Francisco  is.  San  Francisco  is  just 
as  fine  as  the  carving  on  that  ceiling,  and  that  is  the  kind  of  a  city 
we  want  you  to  see. 

Fourteen  years  ago  this  hotel  lay  in  ashes.  For  5  miles  on  either 
side  of  this  hotel  there  was  nothing  left  of  the  old  San  Francisco 
that  was,  but  the  spirit  of  the  West,  the  pluck,  the  energy,  the 
determination  to  build,  to  be  constructive.  This  is  the  spirit  that 
the  people  of  this  city  that  was,  made  San  Francisco  the  city 
that  it  is. 

San  Francisco  has  progressed  in  its  municipal  lines.  You  can 
travel  around  San  Francisco  for  5  cents.  We  have  not  raised  the 
fares  in  San  Francisco.    It  is  only  5  cents  to  travel  on  the  streetcars. 

We  have  our  waterworks;  we  have  rebuilt  buildings;  we  have 
a  group  of  buildings  out  at  the  City  Hall  which  will  make  you  think 
you  are  in  the  great  city  of  Washington.  We  have  things  to  see 
here  that  are  well  worth  the  coming.  You  can  see  where  the  Demo- 
cratic Convention  was  held — ^the  Convention,  of  course,  was  not 
very  lucky  for  Cox  and  Roosevelt,  they  were  not  nominated  here, 
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but  still  we  had  the  Democratic  Convention.  Now  that  the  Demo- 
crats came  out  West,  and  we  know  the  Republicans  are  coming,  we 
are  a  great  convention  city.  We  are  the  world's  exposition  city. 
The  nations  of  the  world  gathered  here  in  1915,  and  we  welcomed 
people  from  all  parts  of  the  world  to  San  Francisco. 

Now  that  you  have  come  let  me  say  to  you,  do  not  spend  all  your 
time  here  talking  about  business.  There  will  be  business  going  on 
when  you  and  I  are  gone.  Have  a  little  fun,  "All  work  and  no 
play  makes  Jack  a  dull  boy." 

I  am  in  the  lumber  business  and  in  the  shipping  business.  I  get 
very  little  time  to  attend  to  it,  but  still  I  know  that  a  little  recre- 
ation in  a  great  city  and  in  a  g^reat  State,  an  opportunity  to  see 
some  of  the  wonders  of  the  world,  to  see  Yosemite  Valley,  to  see  the 
mountain  peaks,  to  see  land  below  the  sea  level,  to  see  the  great 
valleys  of  the  Sacramento  and  San  Joaquin,  to  see  all  that  we  have 
here  out  in  the  West  is  your  duty,  the  duty  you  owe  to  yourselves, 
the  duty  you  owe  to  your  associates,  the  duty  you  owe  to  your  com- 
munity while  you  are  out  here.  It  is  your  duty  to  get  a  grasp  and 
a  vision  of  what  we  have,  to  realize  the  possibilities  of  your  business 
in  the  far  Orient,  see  the  ships  traveling  out  of  the  Golden  Gate, 
carrying  out  products  to  all  parts  of  the  world,  and  grasp  that  you 
are  living  in  an  age  and  in  a  country  where  the  possibilities  are 
nowhere  greater  than  they  are  here  on  the  Pacific  Coast. 

It  is  a  pleasure  to  see  you  here;  it  is  a  pleasure  to  greet  you, 
and,  of  course,  I  must  confine  myself  to  a  word  of  welcome,  but  I 
would  like  to  have  the  opportunity  to  stay  and  hear  some  of  your 
discussions  on  business.  I  would  like  to  hear  some  of  you  talk  about 
the  future  of  the  country, — ^what  is  going  to  happen  in  the  near 
future?  It  is  on  the  minds  of  every  man  and  woman.  When  are 
these  panicky  feelings  and  times  going  to  pass  away?  When  is 
confidence  to  be  restored?  What  is  the  Republican  administration 
going  to  do?  How  are  the  people  of  Europe  going  to  finance  them- 
selves? When  is  the  British  pound  and  sterling  exchange  going  to 
get  back  to  normal?  All  these  things  are  flitting  through  the  minds 
of  the  American  people  today  and  these  serious  times  require  serious 
thoughts  of  serious  men.  However,  in  an  address  of  welcome  I 
must  say  we  are  glad  to  have  you  here  and  whatever  San  Francisco 
has  got  that  you  want  we  will  be  glad  to  give  you.  The  country 
is  dry  out  here.  I  do  not  know  how  it  is  in  the  place  you  come  from, 
but  I  do  not  know  of  a  place  in  San  Francisco  where  you  can  get  it. 
It  is  so  dry  here  you  cannot  get  a  drop.  Mr.  Webb,  on  my  right,  is 
in  charge  of  the  Convention  and  Tourist  League,  and  if  you  want  a 
glass  of  "White  Rock"  or  ginger  ale  or  any  of  those  intoxicating 
drinks  we  had  25  or  30  years  ago  as  soft  drinks,  perhaps  Mr.  Webb 
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can  show  you  the  real  hospitality  of  the  vine  and  the  vineyard  of 
grolden  California.  So  I  bid  you  welcome  to  this  g^reat  State,  and 
hope  you  have  a  grand  time  while  you  are  here.  [Prolonged 
applause, "i 

The  President:  We  are  going  to  call  on  our  Past  President,  Mr. 
J.  H.  Waterman,  to  make  the  official  response. 

Mr.  J.  H.  Waterman:  Mr.  President,  Ladies  and  Gentlemen, 
Mr.  Mayor:  It  is  a  g^reat  pleasure  to  the  Wood-Preservers'  Asso- 
ciation to  gather  in  this  great  city  of  San  Francisco,  but  it  is  a 
greater  pleasure  for  them  to  have  the  Mayor  put  aside  his  work 
and  take  time  enough  to  come  here  and  welcome  us  to  your  city.  If 
you  had  been  with  this  bunch  of  men  as  I  have  for  the  past  10  days, 
you  could  appreciate  more  than  you  really  know,  when  you  turn  the 
men  over  to  the  gentleman  on  your  right  to  entertain  them  with 
"White  Rock."  There  is  only  one  "Waterman"  in  the  bunch. 
[Laughter.']  They  chose  him  to  respond  to  your  address  of  wel- 
come, because  they  knew  before  you  stated  that  the  city  of  San 
Francisco  was  dry. 

We  appreciate  your  great  State  more  than  you  know.  We  have 
seen  its  mountains;  we  have  seen  its  streams;  we  have  enjoyed  the 
fruit  of  your  vines;  we  have  enjoyed  reading  and  hearing  about 
San  Francisco  from  the  time  we  were  little  boys,  and  we  know 
California  is  a  great  State,  and  the  possibilities  are  that  some  of 
us  will  stay  here  after  we  have  attended  this  Convention.  But  now 
let  me  tell  you  why  this  is  a  g^reat  State.  You  speak  about  the 
Eastern  States,  that  there  is  plenty  of  room  in  California  to  take  all 
the  border  States  of  the  Atlantic  and  set  them  down  in  California 
and  then  they  would  be  lost,  there  would  be  plenty  more  room,  but 
I  tell  you  what  you  should  have  stated :  it  is  because  the  great  men 
came  out  of  the  East  and  came  and  settled  in  this  great  State  of 
California  and  they  helped  to  build  it  up,  and  it  was  the  rugged 
pioneers  from  the  East  that  came  here  in  '49  and  followed  on  and 
on  and  on,  that  have  given  you  the  great  advantages  you  have. 

Now,  you  would  like  to  know  something  about  this  convention. 
These  are  wood-preservers.  I  went  down  to  a  Bureau  of  Information 
in  one  of  your  cities,  and  I  said  to  the  lady, — I  asked  her  a  ques- 
tion, and  I  said,  "I  am  a  wood-preserver."  "Well,"  she  said,  "what 
does  that  mean?"  She  seemed  to  think  that  we  took  the  timber  of 
this  great  land  and  put  it  up  in  bottles  or  cans  and  passed  it 
around  through  the  country.  [Laughter.]  Let  me  tell  you  what 
we  do.  We  take  the  wood  and  your  fir  and  your  pine  which  will 
give  3  years',  not  to  exceed  6  years'  life  untreated,  we  treat  it 
chemically  and  what  will  it  do?  It  will  give  from  12  to  20  years' 
life,  depending  upon  where  it  is  used  and  how  well  it  is  protected. 
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Is  that  not  worth  while?  These  men  are  conservers.  They  con- 
serve the  forests  of  our  country,  and  the  more  they  conserve  the 
longer  the  forests  will  last,  and  we  can  hand  them  down  to  the 
generations  that  are  yet  unborn. 

So,  Mr.  Mayor,  if  you  want  a  man  to  fill  any  office  in  your  city 
under  you,  why,  just  name  the  office  and  there  are  a  half  a  dozen 
in  this  bunch  who  would  stand  up  and  fill  it  for  you. 

There  is  one  thing  I  think  you  overlooked,  and  I  am  awfully  sorry 
for  it,  and  I  think  we  are  largely  to  blame.  I  think  I  am  going  to 
lay  the  blame  all  to  our  President.  Because  of  these  bright  faces 
of  the  men  that  are  in  front  of  me,  I  think  you  overlooked  our 
American  beauties  that  we  see  sitting  back  of  you.  I  know  you  will 
be  glad  to  have  them  here,  but  I  want  to  tell  you  they  are  the  best 
in  the  land.  We  enjoy  your  poppies  in  California ;  we  admire  their 
complexions;  we  admire  their  appearance,  their  loveliness,  but  we 
have  got  just  as  beautiful  east  of  the  Rocky  Mountains. 

Now,  Mr.  Mayor,  in  behalf  of  the  American  Wood-Preservers' 
Association,  I  want  to  say  to  you  that  we  all,  men  and  women,  ap- 
preciate your  kind  welcome,  appreciate  the  time  you  have  taken,  and 
I  assure  you  that  if  by  accident  or  otherwise  we  wake  up  in  jail,  we 
will  call  you  out  of  bed  and  we  trust  you  will  get  us  out. 
[Applause,} 

The  President:  The  Minutes  of  the  last  meeting  have  been  pub- 
lished in  the  Proceedings  so  that  it  is  not  necessary  to  read  them 
at  this  time.    ^ 

We  will  now  have  the  report  of  the  Secretary-Treasurer,  Mr. 
Angier. 

REPORT  OF  THE  SECRETARY-TREASURER 

To  the  Members  of  the  American  Wood-Preservers*  Association: 

Gentlemen:  Your  Secretary-Treasurer  begs  to  submit  herewith 
his  Annual  Report  for  the  year  1920 : 

Cash   on   hand,   December   81,    1919 _ $  214.88 

Liberty  bonds  on  hand.  December  81,  1919 500.00 

Receipts 

Admission   fees   $  970.00 

Membership    dues    3150.72 

Advertising— Proceedings     (1919)     ._ _._ 44.00 

(1920)      1219.00 

(1921)      80.00 

Sales — Proceedings    _- 439.18 

Handbook    _ 11.85 

"Decay  of  Ties  in  Storage". __ 227.00 

'*      Pamphlets— "Sodium    Fluoride"   7.50 

Pamphlets — "Long    Wharf    Bulletin" 70.00 

••      Wood-Pbbsebvino    - - 6.00 

Donation  by  Entertainment  Committee 275.50 

Interest — Bank  deposits   - 28.36 

"      —Liberty  bonds    - 21.25 

$6549.16 

Total  cash,  bonds  and  receipts _ $7264.04 
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Disbursements 
Pbocbbdinos  : 

Printing    (1919) $  276.00 

(1920*)     1898.61 

Advance   papen    896.80 

Reporting    169.40 

Editing  and  soliciting  advertiaemenU 149.41 

Postage,  expense  and  telegrams.. 90.82 

Storage  and  miscellaneous 22.00 

Compiling  sUtistics    (1920) 60.00 

(1921)     60.00 

Total    $6606.94 

General  : 

Expense — Secretary-Treasurer's    OiBce    $  999.48 

Stationery,   postage,  express  and  telegrams 840.01 

Expense— 1920    meeting    92.00 

—1921    meeting _ 189.60 

Embossing   certificates    82.90 

"Decay  of  Ties  in  Storage" _ 808.84 

"Long   Wharf    Bulletin"    70.00 

President's   Bulletin   _ 44.77 

Membership  lisU  and  certificates 72.90 

Membership — U.   S.   Chamber  of  Commerce 16.00 

"          — National  Conservation  Association 8.00 

—National  Public  Works  Dept.  Ass'n...  10.00 
Donation — Forest  Products  Laboratory — 

Decennial    Celebration    26.00 

Wood-Prbfervinq — Bonus    to    Editor 74.18 

Address    plates    __ ..__  6.78 

Total     --_ ..$2778  86 

Total  ^disbursements $6884.80 

Cash  on  hand,  December  81,   1920. $  879  74 

Liberty  bonds  on  hand,   December  81.   1920. 600  00 

879.74 

-_„  <  7264.04 

Note:     *Bill    for    printing,    amounting    to    $998.04.    received    too    late   for 
payment  in  1920. 

Receipts:                            Service  Bureau 
Contributions    _ $2876.00 

DiSRURSBMENTB : 

Legal    services     _$       25.00 

Recording   charter 180 

Stationery     _ 68.60 

90.80 

Cash  on  hand,  December  81,   1920 $2284.70 

Membership 

Last   annual   report    -.305 

Enrolled   since   last    report -.81 

Reinstated   since  last   report _ 6 

«7 

Resigned    11 

Dropped     « 

Deceased    2 

—  19 

Total  net  gain 68 

Membership.    December   81,    1920. ..878 

Corporate 286  or     76.68% 

Associate     77  or    20.64% 

Piobate   6  or      1.84% 

Honorary    6  or      1.84% 

878  or  100  00% 
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Growth  of  Membertliip 

New  Added 

Year            Members  Withdrew  to  RoU  TotiU 

1904              z^i                                 ._              20  20 

19*5               7              ..               7  27 

190<               9               7               2  29 

1907  15              ..               15  44 

1908  5  4  1  46 

1909  18  12  1  46 

1910  29  8  21  67 

1911  45  8  87  104 

1912  59  6  58  167 
1918  87  11  26  188 

1914  92  10  82  266 

1915  29  18  11  276 

1916  41  18  28  299 

1917  86  46  ,*10  289 

1918  12  19  *  7  282 

1919  48  25  28  805 

1920  87  19  68  878 

.       .         584  211  878 

Avcrase  for 

17  ye>r» 84  12  22 

^Deducted 

It  is  very  gratifying  to  knDw  that  81  new  members  were  en- 
rolled, and  6  reinstated  during  the  year.  This  is  the  largest  num- 
ber in  any  year  in  the  history  of  the  Association,  with  the  single 
exception  of  1914,  when,  under  the  splendid  administration  of  Mr. 
Rex,  92  new  members  were  added  to  our  list.  The  increase  in  1920 
is  due  very  largely  to  the  efforts  of  our  Pacific  Coast  members,  who 
have  given  sd  much  of  their  time  and  energy  to  the  upbuilding  of 
our  Association. 

While  we  rejoice  in  this  increase  in  members,  we  bow  our  heads 
in  sorrow  over  the  death  of  two  of  our  members,  Mr.  R.  A.  Griffin, 
who  died  July  14,  1920,  and  Mr.  Chas.  C.  Higgins,  November  3,  1920. 
Letters  of  condolence  were  written  by  your  Secretary  to  the  families 
of  the  deceased,  and,  as  is  our  custom,  resolutions  will  be  passed  by 
the  Association. 

Daring  the  year  11  members  resigned  and  6  dropped  out,  making 
a  net  increase  of  68. 

We  regret  to  report  that  there  are  18  members  who  are  delinquent 
in  the  payment  of  their  1920  dues,  and  it  is  hoped  that  they  will 
remit  at  an  early  date,  together  with  their  1921  dues. 

Classification  of  Members  Members 

4«  RaUroads     _ 97 

U.   8.   Railroad   AdminiBtration 4 

2  Street  railways   _ 2 

47  Commercial    treating    plants _ 108 

2S  Tie  and  lumber   companies — 87 

4S  Chemical  and  other  manufacturinsr  companies 68 

1  National  covemment  7 

4  Educational   institutions    4 

4  Municipalities    - 5 

t  Periodicals 2 

4  Associations     _ 6 

11  Rrma   not   classified _ 12 

Consulting  engineers,  chemists,   etc— — 81 

nnitcd    Stotes    Army -_ -_J 

878 
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Geographical  Distribution 

State                        1914  1915  1916  1917  1918  1919  1920 

Alabama    4  3  3  8  8  2  2 

Arkansas 6  4  8  4  3  8  4 

California    6  6  6  6  6  11  28 

Colorado    8  2  2  2  2  12 

Connecticut 1111111 

Delaware __             ._  1  l 

District  of  Columbia 4  4  4  6  6  7  4 

Florida 4  8  3  8  8  3  2 

Georgia    2  6-6  8  2  1  2 

Illinois 36  41  41  44  46  61  60 

Indiana    6  8  10  9  6  16  14 

Iowa     2  111111 

Kansas     4  4  4  6  6  3  1 

Kentucky     7  8  8  7  7  7  7 

Louisiana    10  12  13  12  9  18  17 

Maryland    6  6  7  8  6  2  8 

MassaohusetU    2  8  8  6  4  4  6 

Michigan     - 2  8  6  7  7  8  1 

MinnesoU   9  10  12  11  9  10  18 

Mississippi    8  8  8  8  2  2  4 

Missouri     12  12  16  12  14  17  24 

New  Jersey  7  6  7  7  6  10  11 

New    Mexico    8  8  8  2  2  2  4 

New  York  21  24  28  29  83  35  47 

Ohio  11  12  12  12  16  19  18 

Oregon  7  6  6  6  5  6  8 

Pennsylvania    14  12  12  16  18  17  26 

Rhode  IsUnd __  ..  ..  ..  ..  1 

Tennessee    - 8  2  2  2  8  8  4 

Texas   17  18  14  18  18  13  11 

Vir»inU    8  8  4  6  4  3  7 

Washington    16  17  Id  14  11  6  11 

West  Virginia —  ....  2  2  4  7 

Wisconsin   8  9  12  10  10  9  11 

Wyoming     8  8  2  2  111 

Address  Unknown ._             __             ..  _-  2 

240  261  272  271  264  286  864 

Country 

Austria    1  1  1  ..  ..  .. 

Canada     14  18  14  13  11  11  9 

Denmark   .- _.  __  ..  1  1  1 

England     4  4  6  6  4  3  6 

Fran^ ..  ..  _.  __  ..  1  1 

Germany   6  6  6  -_  .-  -- 

India    1111111 

Java Ill 

Mexico   1  1 

Russia —     ..  -.  -.  1 

266  276  299  291  282  305  878 

In  the  Geographical  Distribution,  Illinois  is  still  in  the  lead  with 
50  members,  while  New  York  is  a  close  second  with  47  members. 
California  ranks  third  with  28  members,  having  increased  17  during 
the  year. 

In  my  report  for  last  year  I  suggested  that  we  make  1920  the 
banner  year  for  our  Association,  and  we  came  pretty  nearly  doing 
it.  I  want  to  repeat  this,  and  ask  the  co-operation  of  all  of  our 
members  in  making  1921  the  banner  year.  Let's  all  pull  together, 
each  one  making  an  extraordinary  effort  to  get  at  least  one  new 
member.  If  we  can  do  this,  our  next  report  will  show  a  mem- 
bership  of  over  700.       Respectfully  submitted, 

(Signed)   F.  J.  ANGIER,    Secretary-Treasurer. 
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attendance  at  the  seventeenth  annual  meeting 

The  registration  showed  the  following  attendance  at  the  meeting: 


Adams.  Cbas. 
Alexander,  E.  E. 
AUardyce.  R.  L. 
AUerton,  David 
Anderson,  H.  A. 
Andrews,  Howard 
Anffier.  F.  J. 
Barth.  Kurt  C. 
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The  PkESiDENT:  We  will  refer  the  Report  of  the  Secretary- 
Treasurer  to  an  Auditing  Committee,  composed  of  Geo.  M.  Hunt 
(Chairman),  Chas.  Adams,  S.  D.  Hicks,  and  C.  M.  Sporley. 

Before  calling  for  the  Report  of  the  Entertainment  Committee, 
we  will  appoint  a  special  Resolutions  Committee  to  prepare  an  ap- 
propriate resolution  covering  the  death  of  E.  M.  Blake.  This  Com- 
mittee will  consist  of  C.  L.  Hill  (Chairman),  S.  D.  Cooper,  and 
John  Foley. 

We  will  now  have  the  Report  of  the  Committee  on  Entertainment, 
Mr.  France. 

Mr.  France  then  announced  the  entertainment  the  local  Com- 
mittee had  provided  for  those  in  attendance  at  the  Convention. 

The  President:  We  will  appoint  the  following  Election  Tellers: 
(they  will  report  to  the  Secretary-Treasurer  who  will  turn  over  to 
them  at  the  proper  time  the  ballots,  and  they  in  turn  will  report 
back  to  the  Convention) :  R.  L.  Wyman  (Chairman),  L.  C.  Drefahl, 
J.  H.  Grow,  G.  A.  Lembcke,  and  C.  T.  Henderson. 

We  will  also  appoint  a  Committee  on  Resolutions.  Those  of  you 
who  have  things  in  mind  that  should  be  covered  by  resolutions  will 
confer  a  favor  upon  this  Committee  by  getting  in  touch  with  them. 
The  Committee  is  as  follows:  C.  F.  Ford  (Chairman),  F.  D.  Mattos, 
G.  W.  Frey,  A.  M.  Baxter,  E.  N.  Pelz,  and  0.  C.  Steinmayer. 

PRESIDENT'S  ADDRESS 

In  the  evolution  of  man  there  was  a  time  when,  obeying  a  blind 
instinct,  he  hunted  man ;  a  time  when  the  man  who  lived  on  one  side 
of  the  mountain  or  on  one  side  of  a  swamp  would  kill  the  fellow 
that  lived  on  the  other  side  of  the  mountain  or  on  the  other  side  of 
the  swamp,  not  because  he  hated  him,  but  really  because  he  did  not 
understand  him.  There  was  a  time  in  the  development  of  the  wood- 
preserving  industry  when  the  man  who  used  fish  oil  or  linseed  or 
sulphate  of  lime  or  arsenic  or  verdigris,  or  those  many  things  that 
have  been  tried  in  the  preservation  of  wood,  would  do  anything  he 
could  to  kill  the  business  of  the  man  who  was  using  zinc  chloride  or 
sodium  fiuoride  or  creosote  oil  or  some  other  wood-preservative. 

Today  we  have  learned  that  good  treatments,  using  standard  pre- 
servatives and  standard  methods,  all  give  good  results.  We  have 
learned  that  the  man  with  the  wood-preserving  plant  living  around 
the  corner  out  of  sight  is  not  our  enemy,  a  fellow  to  be  killed  on 
sight;  he  is  our  friend.  We  have  learned  that  when  he  does  good 
work  it  helps  us,  and  we  have  also  learned  that  when  we  do  good 
work  it  helps  him. 
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Gentlemen,  we  are  standing  today  on  the  eve  of  a  tremendous 
expansion  in  our  industry.  There  are  inquiries  for  wood-preserv- 
ing equipment  and  wood-preserving  materials  coming  in  from  all 
the  countries  of  the  earth. 

From  this  country  the  lumber  industry  in  particular  is  making 
many  inquiries  as  to  the  treatment  of  kinds  of  lumber  that  have 
never  been  treated  before. 

Men,  let  us  remember  as  we  go  into  this  period  of  expansion  that 
good  practices  have  obtained  the  results  that  today  we  are  proud 
of,  and  that  those  practices  must  be  continued.  Let  us  uphold  the 
standards  of  our  industry.     [Applause.] 

The  President:  We  will  now  have  the  Report  of  the  Committee 
on  Publications,  Mr.  Howson,  Chairman. 

Mr.  E.  T.  Howson:  Mr.  President  and  Members  of  the  Associa- 
tion: The  work  of  your  Committee  on  Publications  during  the  past 
year  has  been  largely  concentrated  on  two  projects.  One  of  these 
is  the  regular  work  of  getting  out  the  Proceedings,  copies  of  which 
have  been  mailed  to  all  members  of  the  Association, — you  are  best 
able  to  judge  the  efficiency  of  the  work  of  the  Committee  in  that 
respect.  The  second  project  involved  undertaking  by  your  Com- 
mittee, on  instructions  of  the  Executive  Committee,  of  the  publish- 
ing in  separate  form  of  the  excellent  paper  on  decay  of  ties  pre- 
sented at  the  last  convention  by  Mr.  C.  J.  Humphrey  of  the  Forest 
Products  Laboratory.  This  paper  was  considered  of  such  value  to 
the  man  in  the  field  that  the  Executive  Committee  instructed  the 
Publications  Committee  to  arrange  for  the  publication  of  this  paper 
in  a  form  which  could  be  carried  in  the  field.  Therefore,  it  was  pre- 
pared in  a  more  durable,  flexible  binding,  and  has  been  printed. 
I  think  you  have  all  been  advised  that  the  book  is  now  available  in 
separate  form,  and  the  report  of  the  Secretary-Treasurer  indicates 
that  a  considerable  number  have  been  sold  since  that  time.  As  you 
all  know  that  report  includes  a  number  of  colored  plates,  and  I 
think  it  is  the  most  ambitious  work  of  a  publication  nature  that 
has  yet  been  undertaken  by  this  Association. 

A  third  departure  or  innovation  undertaken  by  the  Committee 
this  year  at  the  suggestion  of,  and  with  the  co-operation  of,  your 
officers  and  President,  has  been  the  sending  out  of  two  or  three 
news-letters.  Shortly  after  the  last  convention  a  news-letter  was 
sent  to  the  members,  designed  to  inform  them  of  the  activities  of 
the  Association.  That  has  been  followed  by  one  or  two  other  news- 
letters which  have  gone  to  all  members  of  the  Association. 

The  Publications  Committee  has  had  splendid  co-operation  from 
the  members  of  the  Association  in  its  work,  and  desires  to  express 
its  appreciation  of  that  co-operation.     [Applause.} 
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The  President:  A  motion  to  accept  the  Report  of  this  Com- 
mittee will  be  in  order. 

Mr.  E.  J.  Stocking:     I  move  its  acceptance. 

Mr.  L.  C.  Drepahl:     I  second  the  motion. 

The  President:  All  in  favor  of  this  motion  will  respond  by 
saying  "aye";  contrary  "no";  it  is  carried  and  so  ordered. 

Mr.  Taylor,  will  you  please  take  the  Chair? 

(Mr.  C.  M.  Taylor  assumes  the  Chair.) 

The  Chairman:  The  next  will  be  a  Report  of  Committee  No.  3 
on  Promotion  and  Education,  of  which  Mr.  Joyce  is  Chairman. 

REPORT  OF  COMMITTEE  NO  3— PROMOTION 
AND  EDUCATION 

To  the  Members  of  the  American  WoodrPreaervera*  Asaociation : 

A  meeting  of  your  Committee  was  held  in  Chicago  in  April,  at 
which  time  the  Service  Bureau  policy  shown  in  Exhibit  "A"  was 
decided  upon. 

The  Chairman  of  the  Committee  was  instructed  to  get  legal 
advice  on  two  points: 

(1)  The  right  of  the  Association  to  collect  funds  and 
establish  a  Service  Bureau. 

(2)  A  form  of  contract  to  be  entered  into  between  the 
contributing  companies  and  the  Association. 

The  Chairman  took  council,  and  is  pleased  to  advise,  that  the 
articles  of  incorporation  of  the  American  Wood-Preservers'  Asso- 
ciation have  been  duly  recorded  as  required  by  the  Illinois  laws,  and 
our  Association  is,  therefore,  legally  organized. 

We  are  further  advised  that  the  object  clause  of  our  articles  of 
incorporation  is  broad  enough  to  permit  us  to  carry  out  the  Service 
Bureau  policy  and  the  establishment  and  maintenance  of  a  central 
office  in  charge  of  a  salaried  executive. 

The  expenditure  of  funds,  irrespective  of  amount,  is  permissible, 
provided  pecuniary  gain  to  the  individual  members  of  the  Associa- 
tion does  not  directly  follow  therefrom. 

Our  attention  is  respectively  called  to  the  recent  action  of  the 
Federal  Government  against  the  Hardwood  "Manufacturers'  Asso- 
'^iation  and  the  Linseed  Oil  Association,  in  both  of  which  cases  the 
Government  contends  that  these  associations  are  illegally  con- 
trolling prices. 

There  is  nothing  in  our  articles  of  incorporation  or  in  our  Serv- 
ice Bureau  Policy  which  even  intimates  that  our  Association  is  in 
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such  a  position  and  our  attention  is  directed  to  the  above  action  of 
the  Federal  Government  in  order  that  we  may  not  knowingly  in- 
fringe the  Federal  trade  and  trust  laws. 

Your  Committee  decided  that  the  Service  Bureau  be  financed  for 
3  years  on  a  minimum  basis  of  not  less  than  $20,000.00  per  year, 
and  that  definite  binding  obligations  covering  this  period  be  secured 
before  putting  the  Service  Bureau  into  operation. 
The  obligation  form  is  shown  in  Exhibit  "B." 
In  December,  1920,  the  forms  shown  in  Exhibit  "A"  and  Exhibit 
"B"  were  arranged  for  and  distributed  to  the  Committee.  As  a 
result  of  this  action  the  firms  shown  on  Exhibit  "C"  have  entered 
into  the  Service  Bureau  agreement  to  the  extent  of  the  sums  shown 
opposite  their  names. 

A.  R.  Joyce,  (ChairTnan) , 

E.  M.  Blake, 

R.  J.  Calder, 

R.  A.  Calvin, 

J.  B.  Card, 

H.  G.  Jennison, 

G.  A.  Lembcke, 

R.  S.  Manley, 

W.  A.  Nixon, 

£.  J.  Stocking. 

Exhibit  "A- 

To  promote  the  use  of  wood  which  has  been  prepared  to  resist  decay,  and  there- 
by conserve  the  forest  resources  of  the  nation,  the  American  Wood-Preservers' 
Association  proposes  to  establish  and  maintain  a  headquarters  which  shall  be  a 
repoeiiory  for  all  information  resardins  the  practice  of  and  the  results  from  the 
art  of  wood  preservation  and  which  shall  utOise  this  information  in  all  efficient 
ways  to  disseminate  this  knowledge  and  to  develop  the  understanding  of  the  public 
as  to  the  economic  status  of  the  wood-preservins  industry. 

In  furtherance  of  the  program  outlined  above,  the  American  Wood- Preservers* 
Association  proposes  to  engrage  the  services  of  a  man  who  will  have  charge  of 
the  headquarters  referred  to  and  direct  all  work  connected  with  the  proposed  cam- 
paign of  education,  promotion  and  publicity. 

As  Manager  of  the  Service  Bureau  of  the  American  Wood-Preservers'  Associa- 
tion, this  officer 

1 — Will  answer  inquiries  regarding  the  treatment  of  wood  and  the  use  of  treated 


2 — Win  acquaint  users  of  wood  with  facts  and  figures  to  show  where  treated 
wood  can  be  used  where  substitutes  are  being  given  consideration ; 

% — Will  acquaint  preservers  of  wood  with  facts  and  figures  which  show  where 
treated  material  has  proved  either  satisfactory  or  unsatisfactory; 

4 — ^Will  attend  and  address  meetings  where  those  present  can  be  told  about 
wood  preservation  to  the  advantage  of  the  industry ; 

5— Win  accumulate  service  records  and  samples  and  develop  a  library  and  a 
museum  which  will  demonstrate  the  effectiveness  of  wood  preservation. 

6 — Wni  procure  the  publication  of  facts  and  figures  which  wiU  acquaint  the 
users  of  wood  with  the  advantages  of  preservative  treatment ; 

7 — WiU  acquaint  the  wood-preserving  industry  with  new  opportunities  for  the 
sale  of  wood  which  might  be  given  preservative  treatment ; 


Digitized  by  LjOOQ IC 


48  Seventeenth  Annual  Meeting 

8 — Will  endeavor  to  procure  from  both  the  producer  and  the  user  of  treated 
wood  strict  compliance  with  the  standard  practices  of  the  American  Wood-Pre- 
servers* Association. 

9 — Will  disseminate  information  by  means  of  a  periodical  or  otherwise  which 
will  acquaint  the  users  of  wood  and  the  preservers  of  it  with  the  developmenu 
and  possibilities  in  the  wood  preservinff  industry. 

Exhibit  -B- 

J- ,  192— 

The  undersigned, _ ....,  in  consideration  of  other 

similar  subscriptions,  hereby  agrees  with  such  other  subscribers  and  with  the 
AMERICAN    WOOD-PRESERVERS'   ASSOCIATION,    to   contribute   the  sum   of 

Dollars,    toward    the    proposed    fund    to 

finance  a  campaign  of  education  covering  the  uses  of  preserved  wood,  said  sum 
to  be  payable  in  equal  installments  to  the  Treasurer  of  said  Association,  as  follows : 

$ : 1920       $ On  or  before  July  1,  1922 

$ On  or  before  July  1,  1921       $ On  or  before  Jan.  1,  1928 

$ —On  or  before  Jan.  1.  1922       $ On  or  before  July  1,  1923 

Interest  to  be  payable  on  all  installments  at  the  rate  of  six  percent  per  annum 
after  maturity.  It  is  further  agreed  that  all  payments  after  the  first  are  condi- 
tioned upon  the  Association  securing  subscriptions  aggregating  the  sum  of 
$60,000.00. 

Make  Checks  payable  to  r^Ann 

F.  J.  ANGIER,  Secy.-Treas.. ^°^' 

Mt.   Royal  Station,  By    

BALTIMORE,  MD.  (Ofllcial  Title) 

Exhibit  **C" 

Total  Amount 

Name                                                    Subscription  Paid 

American    Creosoting    Co $  9000.00  

American  Creo.  Co.  of  N.   J 1600.00  $  260.00 

Ayer  ft  Lord  Tie  Co , 1600.00  

The  Chatfield    Mfg.   Co 600.00  - 

Colman    Creosoting    Works 1600.00 -- 

Compressed   Wood-Preserving    Co 760.00  126.00 

Creosoted    Materials    Co.— 1600.00  250.00 

Indiana  Zinc  Creosoting  Co 1600.00  260.00 

International  Creosoting  ft  Construction  Co 1000.00  1000.00 

F.   J.   Lewis   Mfg.   Co 1000.00  

National    Pole    Co 600.00  200.00 

Southern  Creosoting  Co 1600.00  600.00 

Southern  Wood-Preserving  Co.   — .       900.00  160.00 

Watkins    Creosoting    Co _ 1600.00  260.00' 

Western  Tie  ft  Timber  Co 600.00  100.00 


$24,860.00  J30T6.00 

The  Chairman  :  Gentlemen,  you  have  heard  the  Report  of  the 
Committee  on  Promotion  and  Education.  I  would  like  just  at  this 
time  to  express  the  thought  that  I  know  is  in  the  minds  of  all  of 
you,  that  our  President  this  year  has  been  able  to  put  across  this 
thought  that  has  been  in  the  minds  of  a  great  many  of  us  for  some 
years  past.  As  he  has  already  told  you  the  wood-preserving  indus- 
try is  on  the  threshold  of  a  great  era  of  expansion,  and  in  this 
manner  we  shall  be  able  to  take  care  of  the  proper  kind  of  promo- 
tion as  should  go  along  with  that  expansion.  I  would  be  glad  to 
have  discussion  on  this  report. 

Mr.  a.  E.  Larkin:  I  would  like  to  make  a  motion  that  the  re- 
port of  this  Committee  on  Promotion  and  Education  be  accepted 
and  the  Committee  discharged  with  the  thanks  of  the  Association. 
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Mr.  F.  D.  Mattos:     I  second  the  motion. 

The  Chairman:  It  has  been  moved  and  seconded  that  this  re- 
port be  accepted  and  the  Committee  be  discharged  with  the  thanks 
of  the  Association.  Are  there  any  remarks?  All  in  favor  of  that 
motion  please  say  "aye";  opposed,  "no";  it  is  so  ordered. 

Mr.  a.  R.  Joyce:  Mr.  Chairman,  I  would  like  to  make  the  fol- 
lowing motion:  I  move  that  the  following  Service  Bureau  Board 
be  established:  C.  G.  Crawford  (Chairman),  Walter  Buehler,  L.  J. 
Colman,  L.  C.  Drefahl,  R.  S.  Manley,  G.  B.  Shipley,  and  E.  J. 
Stocking  with  duties  as  follows : 

(1)  To  complete  the  campaign  to  finance  the  Service 
Bureau. 

(2)  To  engage  a  competent  executive  and  establish  a 
central  office. 

(3)  To  direct  the  work  of  the  Service  Bureau  for  the 
3-year  guaranty  period. 

(4)  To  administer  the  finances  of  the  Service  Bureau. 
(6)     To  report  to  the  Association  through  its  Executive 

Committee. 

Mr.  J.  H.  Waterman:     I  second  that  motion. 

The  Chairman:  It  has  been  moved  and  seconded  that  the  mo- 
tion just  read  by  Mr.  Joyce,  oiir  President,  in  reference  to  the 
Service  Bureau  be  adopted.  Are  there  any  remarks  connected  with 
this  motion?  Please  get  this  clear  in  mind  now — this  is  the  Service 
Bureau  to  have  charge  of  all  the  work  in  connection  with  promo- 
tion and  education.  It  is  composed  of  men  connected  with  the  com- 
mercial phase  of  our  industry,  covering  both  the  men  that  are 
actively  engaged  in  treating  work  and  those  interested  in  the  pre- 
servative materials.  I  will  read  the  Committee  again.  (Mr.  Taylor 
reads  the  names  of  those  appointed  on  the  Committee  again.)  I 
think  we  can  feel  safe  in  leaving  our  promotion  work  in  the  hands 
of  this  Committee.  All  in  favor  of  this  motion  as  put  by  Mr.  Joyce 
please  say  "aye";  opposed  like  sign;  it  is  so  ordered. 

(Mr.  Joyce  resumes  the  Chair.) 

AFTERNOON  SESSION 
Tuesday,  January  25,  1921. 

The  President:  The  meeting  will  come  to  order.  We  will  have 
the  Report  of  Committee  No.  4  on  Preservatives.  Will  the  Com- 
mittee please  come  forward? 

(Mr.  Taylor  assumes  the  Chair.) 
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report  of  committee  no.  4— preservatives. 

To  the  Members  of  the  American  Wood-Preaervers*  Association: 

Your  Committee  on  Preservatives  submits  herewith  its  report  to  the 
seventeenth  annual  convention. 

The  instructions  of  the  Executive  Committee  to  this  Committee  were 
as  follows: 

(I)  Investigate  suitability  of  water-gas  tar  and  products  of 
water-gas  tar  for  use  in  preservative  treatment  of  wood. 

(II)  Develop  standard  methods  for  handling  zinc  chloride  at 
wood-preserving  plants,  including  the  calculations  involved. 

(III)  Determine  the  effect  of  various  quantities  of  zinc  chloride 
on  the  strength  of  zinc-treated  wood. 

(IV)  Complete  investigations  of  the  sampling  of  tank  cars. 

Two  meetings  of  the  whole  Committee  were  held  at  Cleveland,  Ohio; 
the  first  on  June  8,  1920,  at  which  7  members  were  present,  and  the 
second  on  October  4  at  which  8  members  were  present. 

On  account  of  its  increasing  economic  importance,  the  Committee  at 
its  first  meeting  decided  to  add  the  subject  of  "vertical  retort  tar"  (V) 
to  the  list  of  subjects  assigned  by  the  Executive  Committee. 

The  detailed  work  of  the  Committee  was  done  by  means  of  small  sub- 
committees, the  chairman  having  appointed  a  sub-committee  for  each 
of  the  subjects  included  in  the  instructions,  as  follows: 

Water-Gas  Tar:  W.  H.  Fulweiler,  Chairman. 

K.  M.  Waddell. 
Zinc  Chloride:  Galen  Wood,  Chairman, 

Ernest  Bateman. 

F.  G.  Breyer. 

L.  S.  Drefahl. 
Strength  of  Zinc-Treated  Wood:  Ernest  Bateman. 
Car  Sampling:  S.  R.  Church. 

L^Suitability  of  Water-Qas  Tar  and  Products  for 
Preservative  Treatment. 

A  comprehensive  report  on  this  subject  was  presented  at  the  second 
general  meeting  by  the  sub-committee  chairman.  After  considerable 
discussion  it  was  agreed  that  certain  changes  and  omissions  were  to  be 
made.  The  report  was  then  to  be  re-submitted  for  consideration  by  the 
Committee.  The  revised  report  did  not  reach  the  chairman  until 
December  11,  1920,  having  been  delayed  in  the  hope  of  getting  certain 
data  on  oils  extracted  from  old  service  ties.  The  late  arrival  of  the  report 
prevented  its  reconsideration  by  the  Committee.  As  the  Committee  has 
taken  no  action  on  the  report  in  its  final  form  it  will  be  presented  as 
submitted  by  the  chairman  of  the  sub-committee,  Mr.  W.  H.  Fulweiler, 
in  a  separate  paper. 
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Il^Zinc  Chloride. 

In  its  consideration  of  this  subject  the  Committee  has  placed  a  broad 
interpretation  on  the  original  instructions  of  the  Executive  Committee. 
The  subject  has  been  expanded  to  include,  in  addition  to  the  handling  of 
zinc  chloride  at  the  plants,  a  general  discussion  of  some  of  the  physical 
and  chemical  properties  of  zinc  chloride,  methods  of  analysis,  specific 
gravity  tables,  visual  penetration  test,  etc. 

The  subject  is  presented  in  the  order  of  the  foUowing  outline: 

(1)  Basic  zinc  chloride. 

(a)  Chemical  composition  and  behavior. 

(b)  Solubility  of  zinc  oxide  in  concentrated  zinc  chloride 

solution. 

(c)  Recovery  of  sludge. 

(2)  Shrinkage  of  zinc  chloride  solutions  on  dilution. 

(3)  Impurities  in   commercial   50%  zinc  chloride  and   high 

gravities. 

(4)  Methods  of  analysis. 

(a)  Revision  of  standard  volumetric  ferrocyanide  method 

of  analysis. 

(b)  Tentative  gravimetric  method. 

(c)  Tentative    volumetric    method    for    quick,    routine 

analysis. 

(5)  Sampling  zinc  chloride. 

(a)  Fused. 

(b)  Liquid  or  50%. 

(6)  Specific  gravity  table. 

(7)  Working  table  for  plant  use. 

(a)  Preliminary  data. 

(b)  Working  table  in  gallons  and  pounds. 

(8)  Methods  of  figuring  zinc  chloride  dilutions  and  concentra- 

tions. 

(a)  Discussion  of  method. 

(b)  Cases  and  concrete  examples. 

(9)  Method  of  figuring  volumetric  absorption. 

(10)  Visual  method  of  determining  zinc  chloride  penetration. 

(1)  Basic  Zinc  Chloride. — (a)  Chemical  composition. 

It  is  a  familiar  fact  to  the  wood-preserver  that  the  zinc  chloride  solu- 
tions received  by  him  in  drums  or  tank  cars,  or  the  strong  solution 
(usually  50%  or  50**B^.)  made  by  dissolving  fused  zinc  chloride,  when 
diluted  with  water  to  the  gravities  used  for  timber  injection,  deposit  a 
white,  slimy,  flocculent  precipitate  known  as  "sludge",  "oxy chloride". 
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or  "basic".    This  sludge  accumulates  in  the  tanks  and  cylinders  and  is 
eventually  thrown  away. 

The  white  flocculent  material  which  separates  when  fused  or  granu- 
lated zinc  chloride  is  dissolved  in  water  and  diluted  to  approximate 
infinity,  has  a  composition  after  washing  and  drying  at  212T.  as 
follows : 


Sample 

Zinc 

Chlorfne 

No. 

Percent 

Percent 

1 

69.90 

11.61 

2 

61.30 

11.87 

S 

60.79 

11.14 

The  hypothetical  composition  of  this  material  is  approximately 
2Zn(0  H)2ZnO  HCl.  Theoretically,  such  a  compoimd  would  contain 
61.30%  zinc  and  11.20%  chlorine. 

It  is  a  familiar  fact  that  this  precipitate  can  be  dissolved  in  hydro- 
chloric acid,  and  that  the  addition  of  hydrochloric  acid  can  be  so  regu- 
lated as  to  form  a  neutral  solution. 

A  concentrated  solution  of  zinc  chloride  can  be  prepared  in  which  the 
zinc  and  chlorine  are  stoichrometrically  equivalent.  If  one  dilutes  a 
portion  of  such  a  solution  to  about  1%  strength  it  will  be  noticed  that 
the  resulting  solution  is  neutral  to  methyl  orange.  On  the  other  hand, 
the  original  solution  is  strongly  acid  to  methyl  orange. 

If  pure  zinc  oxide  is  added  to  the  above  concentrated  solution  of  zinc 
chloride  it  will  be  found  that  up  to  a  certain  point  the  oxide  is  soluble  in 
the  solution.  How  much  is  soluble  seems  to  be  dependent  on  the  tem- 
perature and  concentration  of  the  solution.  But  even  if  the  solution  is 
saturated  with  oxide,  it  reacts  acid  to  methyl  orange  indicator  as  before. 
When  dilution  to  1%  or  2%  takes  place,  substantially  the  entire  zinc 
oxide  added  is  precipitated  not  as  oxide,  but  as  a  compound  of  zinc, 
oxygen  and  chlorine  of  indefinite  formula. 

The  alkalinity  of  this  precipitated  "zinc  oxy chloride"  enables  us  to 
determine  the  amount  of  the  same  by  titration  of  a  weighed  sample  with 
standard  acid,  using  methyl  orange  as  indicator.  For  convenience  the 
result  can  be  expressed  as  zinc  oxide,  ZnO,  but  if  we  desire  the  value  of 
zinc  oxy chloride,  it  is  necessary  to  multiply  the  result  by  the  factor  1.45, 
which  is  the  empirical  relationship  between  acidimetrically  equivalent 
weights  of  oxy  chloride  and  zinc  oxide. 

(b)  Solubility  of  zinc  oxide  in  zinc  chloride. 

It  is  interesting  and  useful  to  know  how  much  zinc  oxide  is  soluble 
in  zinc  chloride  solutions  of  various  concentrations  and  at  various  tem- 
peratures, so  that  the  wood-preserver  can  forecast  how  much  sludge  will 
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be  formed  under  his  conditions  of  dilution  and  temperature.    It  is  to  this 
end  that  the  following  table  has  been  prepared: 

Zinc  Oxide  Soluble  in  Zinc  Chloride  Solutions. 

Spedfle  Gravity      80»C         WC  40'C  20'*C 

Percent  Per  Cent  Per  Cent  Per  Cent 

1.7408            2.780  2.7000  2.140  1.660 

1.6456            2.110  1.9100  1.790  1.720 

1.5641             1.940  1.7200  1.540  1.390 

1.4946            1.990  1.6100  1.210  1.070 

1.8998  1.270  1.0600  .890  .700 

1.8172  .900  .7300  .560  .440 

1.2862  ,      .790  .6100  .480  .870 

1.2270  .620  .4700  .880  .240 

1.1664  .880  .2700  .190  .140 

1.1244  .270  .1700           .097           .058 

1.0711  .099  .0600         

1.0625  .061  .0200         

1.0884  .040  .0018  

1.0200  .021         

(c)  Recovery  of  sludge: 

In  the  forepart  of  this  report  the  composition  of  basic  zinc  chloride  on 
dry  basis  is  given,  namely  about  61%  zinc  and  11%  chlorine.  Fused 
zinc  chloride  contains  from  1}4%  to  2%  basic  material.  This  is  com- 
pletely thrown  out  on  dilution  to  a  4%  solution.  In  a  carload  of  60,000 
lbs.  of  fused  zinc  chloride  about  900  lbs.  to  1,000  lbs.  will  be  thrown  out 
of  solution.  This  insoluble  zinc  can  be  made  available  by  the  direct 
addition  of  commercial  muriatic  acid,  if  suitable  tank  equipment  is  at 
hand,  namely,  wooden  tanks  equipped  with  paddles  for  stirring.  Com- 
petent chemical  supervision  is  also  essential  so  that  the  sludge  neutraliza- 
tion can  be  accurately  controlled.  The  question  is  simply  one  of  eco- 
nomics. The  superintendent  of  a  plant  can  calculate  whether  or  not  it 
will  pay  him  to  salvage  the  basic  material  by  direct  solutign  in  acid  as 
indicated  above;  that  is,  he  will  know  from  the  amount  of  material  he 
handles  whether  or  not  it  will  pay  him  to  put  up  and  maintain  the  equip- 
ment and  chemical  control  necessary  to  recover  this  sludge. 

It  is  considered  safe  practice  when  neutralizing  sludge  with  muriatic 
add  to  add  just  enough  acid  to  leave  a  little  basic  material  undissolved 
as  an  indicator  of  basicity.  In  this  way  the  danger  of  injury  to  the 
plant  equipment  by  corrosion  due  to  an  excess  of  acid  will  be  avoided. 
The  operator  must  be  sure,  however,  that  the  supposed  undissolved  basic 
material  is  oxychloride  and  not  some  other  white  precipitate,  as  barium 
sulphate,  etc. 

(2)  Shrinkage  of  Zinc  Chloride  on  Dilution.— It  is  well  known 
that  when  a  concentrated  zinc  chloride  solution  is  diluted  with  water 
to  working  strengths,  a  shrinkage  in  volume  takes  place.  To  determine 
the  exact  amount  of  this  decrease  in  volume  the  following  investigation 
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was  made  using  a  chemically  pure  neutral  zinc  chloride  solution  having 
an  actual  zinc  chloride  content  of  51.41%. 

A  1000  C.C.  flask  was  calibrated  against  a  100  c.c.  calibrated 
burette,  and  these  used  in  measuring  the  quantities  of  water  and 
zinc  chloride. 

952  c.c.  of  water  at  TOT.  were  run  into  the  flask  and  48  c.c. 
of  zinc  chloride  at  the  same  temperature,  the  mixture  shaken  and 
cooled  to  70°F.,  then  enough  water  was  added  from  the  burette  to 
make  up  to  1000  c.c,  and  amount  noted. 

The  same  experiment  was  repeated,  using  a  temperature  of  110°F. 
The  results  are  given  below:  ■ 


Temperature  of 
ZnCltand  Volume         ZnCh    No.  c<c.  Necewary        Shrinkage 

Water  Water  to  Make  1000  c.c. 


''F.  c.c.  c.c.  c.c.  Per  Cent 

70  952  48  6.6  0.65 

110  952  48  6.9  0.69 

The  conclusions  from  the  above  may  be  briefly  stated  as  follows: 

When  volumes  of  approximately  50%  zinc  chloride  and  water  at  the 
same  temperature  are  mixed  in  the  proportions  required  to  give  a  4% 
solution,  and  the  resulting  dUuted  solution  is  brought  to  the  same 
temperature  as  the  component  parts,  a  shrinkage  in  volume  occurs 
amounting  to  0.65%  of  the  total  volume  of  the  diluted  solution.  The 
shrinkage  appears  to  vary  somewhat  with  the  temperature  at  which  the 
dilution  is  carried  out,  an  increase  in  temperature  causing  a  slight  increase 
in  the  amount  of  shrinkage  and  vice  versa. 

(3)  Impurities  in  50%  Zinc  Chloride  and  Possible  Relation  to 
High  Gravjties. — Frequently  the  50%  zinc  chloride  as  delivered  to  the 
treating  plants  shows  an  unusually  high  specific  gravity.  The  specific 
gravity  of  commercial  50%  zinc  chloride  is  always  considerably  higher 
than  a  theoretical  50%  solution  on  account  of  the  basic  zinc  in  solution. 

Hoping  to  shed  some  light  on  the  cause  of  the  unusually  high  gravities, 
the  Committee  decided  to  study  the  composition  of  representative 
samples  of  zinc  chloride  made  by  some  of  the  leading  manufacturers. 
With  this  object  in  view,  4  samples  of  zinc  from  4  chemical  companies, 
picked  up  on  the  open  market,  representing  a  composite  sample  of  from 
11  to  19  cars  each,  were  obtained.  These  samples  were  andyzed  by  3 
laboratories.  A,  B,  and  C,  quantitatively,  and  the  results  are  given  in  the 
following  table: 
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A  study  of  the  analyses  shows  that  aside  from  the  basic  zinc  content 
the  increased  gravities  are  caused  by  the  presence  of  small  amounts  of 
sulphates,  alkali  salts,  lime  and  magnesia,  etc.  None  of  the  impurities 
is  present  in  sufficient  quantity  to  raise  the  question  as  to  whether  its 
presence  is  objectionable  from  a  timber  preservative  standpoint. 

(4)  Methods  op  Analysis. — (a)  Revision  of  standard  ferro-cyanide 
method  of  analysis. 

In  1917  Proceedings,  under  the  heading  "Insoluble  (Basic  Zinc 
Chloride)",  line  3,  page  280,  change  the  word  "Jena"  to  "Pyrex,  or 
equivalent". 

Under  the  heading  of  "Estimation  of  Zinc"  two  methods  of  analysis 
are  given.  The  first  is  applicable  only  to  chemically  pure  solution,  or 
those  in  which  iron  and  manganese  are  absent.  The  presence  of  either 
one  will  interfere  with  the  reaction.  As  these  two  materials  are  known 
to  be  present  in  greater  or  lesser  quantities  in  all  conrnierdal  solutions, 
it  is  recommended  that  the  part  of  the  description  of  the  method  (page 
281,  line  6, 1917  Proceedings)  beginning  "To  each  of  the  aliquot,  etc." 
and  ending  "is  varied  as  follows"  be  omitted;  also  the  last  5  words  at  the 
end  of  the  second  paragraph  "as  in  the  previous  case",  that  the  2  para- 
graphs be  combined  into  1  and  the  following  added  to  complete  the  final 
sentence,  "with  slow  addition  and  vigorous  stirring  with  potassium 
ferrocyanide  solution,  using  uranium  acetate  as  an  external  indicator. 
Note:  bromine  water  may  be  substituted  for  hydrogen  peroxide  with 
equally  good  results". 

(b)  Tentative  gravimetric  method. 

The  Committee  feels  that  the  standard  ferrocyanide  method  cannot 
be  improved  upon  for  an  accurate  method  if  a  large  number  of  analyses 
are  to  be  made.  There  are  times,  however,  when  oniy  an  occasional 
analysis  is  desired.  At  such  times  a  gravimetric  determination  of  zinc 
may  be  somewhat  more  rapid  than  a  volumetric  method  if  new  standard 
solutions  have  to  be  prepared  and  checked.  The  Committee  has  in- 
vestigated several  of  the  gravimetric  methods  and  recommends  as  a 
tentative  method  the  determination  of  zinc  based  on  the  precipitation 
of  zinc  phosphate.  The  whole  analysis  can  be  completed  in  2  hours  to 
3  hours.    The  details  of  the  method  are  as  follows: 

Gravimetric  Detertnination  of  Zinc  as  Zinc  Phosphate. 

An  accurately  measured  quantity  of  the  zinc  chloride  solution  is 
pipetted  into  a  beaker.  Add  sufficient  bromine  water  to  impart 
a  strong  reddish  brown  color  to  the  solution,  and  boil  until  all  the 
bromine  has  been  expelled.  Add  approximately  6  c.c.  of  a 
saturated  solution  of  ammonium  chloride  for  each  0.1  c.c.  of  zinc 
present,  and  then  make  the  solution  strongly  ammoniacal,  and 
filter  off  the  iron. 

Wash  the  precipitate  with  hot  water  4  or  5  times,  and  boil  the 
filtrate  until  the  solution  no  longer  smells  of  ammonia.    Add  1 
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drop  of  methyl  red  and  a  large  excess  of  sodium  ammonium 
phosphate.  Just  neutralize  the  solution  with  acetic  acid,  and 
add  1  c.c.  in  excess.  Heat  the  solution  on  the  steam  bath  for  a 
few  minutes,  or  until  the  flocculent  precipitate  of  zinc  ammonium 
phosphate  has  become  crystalline,  and  cool  to  room  temperature. 
Transfer  the  precipitate  to  a  previously  ignited  and  weighed 
gooch  crucible,  and  wash  the  precipitate  3  or  4  times  with  hot 
water.  Heat  the  crucible  to  a  cherry  red  for  a  few  minutes,  cool, 
and  weigh  as  zinc  pyrophosphate,  Zn-PjOr  (Mw  304.8).  The 
weight  of  the  zinc  pyrophosphate  multiplied  by  0.894  gives  the 
equivalent  weight  of  zinc  chloride,  or  the  weight  of  pyrophos- 
phate multiplied  by  0.429  gives  the  equivalent  weight  of  zinc. 

(c)  Tentative  volumetric  method  for  the  rapid,  routine  analysis  of 
dilute  zinc  chloride  solutions. 

If  a  rapid  method  of  analysis  based  on  the  direct  determination  of  zinc 
rather  than  the  indirect  chloride  method  using  silver  nitrate  solution 
18  desired  for  analyzing  plant-working  solutions,  the  following  volumetric 
method  is  offered  as  a  tentative  method: 
Necessary  apparatus: 

Distilled  water. 

Beaker,  or  other  receptacle  capable  of  holding  400  c.c. 

Glass  rod. 

One  Mohr  burette,  60  c.c.  capacity. 

25  c.c.  graduate. 

10  c.c.  pipette. 

N/10  standard  hvpo  solution. 

5%  soluble  starch  solution. 

10%  potassium  ferricyanide  solution. 

10%  potassium  iodide  solution. 

1  500  C.C.  graduate. 

This  method  is  intended  for  solutions  containing  up  to  5%  zinc  chloride. 

Free  add  in  any  shape  must  not  be  allowed  to  get  into  the  determination; 

therefore,  solution  must  be  neutral. 

Take  specific  gravity  of  solution  at  60**F.  with  suitable  hydrom- 
eter. Pipette  10  c.c.  of  the  zinc  chloride  solution  into  beaker 
or  other  receptacle  holding  400  c.c.  Add  20  c.c.  of  ferricyanide 
solution,  then  10  c.c.  of  potassium  iodide  solution.  Let  stand  2 
minutes  with  stirring.  Add  300  c.c.  of  cold  distilled  water,  then 
about  2  C.C.  of  starch.  Titrate  with  1/10  normal  hypo,  until 
blue  fades  to  lemon  yellow.  Two  drops  will  accomplish  this 
end.  With  much  iron  present  a  slight  greenish  cast  remains 
after  the  blue  has  faded,  due  to  the  presence  of  a  small  amount  of 
Prussian  blue.  A  little  practice  will  accustom  the  eye  to  this 
end  which  is  sharp. 

When  absolutely  neutral  or  slightly  basic  solutions  containing  smar 
amounts  of  zinc  chloride  are  treated  with  potassium  ferricyanide  and 
potassium  iodide  there  is  a  definite  amount  of  iodine  set  free.  This 
liberated  iodine  may  be  estimated  volumetrically  by  titrating  the  same 
with  1/10  normal  hyposulphite  of  soda  solution.  It  has  been  found  by 
experience  and  experiment,  working  with  known  solutions  of  chloride 
of  zinc,  that  the  equivalent  of  I  c.c.  of  N/10  hypo  solution  in  zinc  chloride 
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is  0.0216  gram  ZnCls.  When  the  determination  is  carried  on,  as  indi- 
cated in  the  method  the  following  calculation  will  give  the  percentage  of 
zinc  chloride: 

Number  of  c.c.  N/10  hypo  times  the  zinc  chloride  equivalent 
of  the  hypo  solution  (0.0215  gram)  times  100  divided  by  the 
number  of  c.c.  of  zinc  chloride  taken  times  the  specific  gravity 
equals  per  cent  ZnClt. 

This  calculation  is  based  on  an  empirical  reaction  found  by  practical 
experiment,  and  not  on  the  basis  of  normality  of  solutions. 
The  N/10  sodium  hyposulphite  solution  is  prepared  as  follows: 

Weigh  out  24.82  grams  of  crystallized,  highest  purity  sodium 
hyposulphite.  Dissolve  in  water.  Make  up  to  1000  c.c.  Stand- 
ardize by  titrating  against  standardized  N/10  iodine,  using  starch 
indicator. 

(5)  Sampung  Zinc  Chloride.— The  following  methods  for  sampling 
fused  and  liquid  zinc  chloride  are  recommended  as  tentative  methods: 

(a)  Method  of  sampling  fused  zinc  chloride  at  point  of  production. 
Fused  zinc  chloride  is  in  liquid  condition  when  the  drums  are  filled  at 

the  point  of  production.  The  easiest  and  most  satisfactory  way  to 
sample  same  is  as  follows: 

After  stirring  the  contents  of  the  dnun  with  a  galvanized  iron  rod  to 
insure  uniformity,  a  cold  galvanized  rod  about  1  inch  in  diameter  is 
plunged  into  the  molten  mass,  held  there  for  a  few  seconds  and  then 
withdrawn  and  allowed  to  drain.  The  rod  will  be  covered  with  a  coating 
of  congealed  zinc  chloride.  The  solid  chloride  is  knocked  off  the  rod 
by  means  of  a  small  zinc  hammer,  quickly  collected  and  further  reduced 
in  size,  if  necessary,  and  introduced  into  a  4-oz.  sample  bottle.  The 
bottle  is  then  stopped  with  a  cork  covered  with  paraffined  paper,  and  the 
head  of  the  bottle,  after  stoppering,  dipped  into  melted  paraffine. 

Three  such  samples  should  be  taken  from  each  drum  and  labeled  to 
show  drum  number,  date,  and  manufacturer.  One  sample  is  for  the 
purchaser,  the  other  2  are  to  be  retained  by  the  manufacturer  for  a  period 
of  90  days. 

(b)  Method  of  sampling  liquid,  or  50%  zinc  chloride. 

As  concentrated  zinc  chloride  solution  received  in  tank  cars  has  no 
tendency  to  segregate  into  layers  of  different  strengths,  the  usual  bottle, 
or  thief,  method  of  sampling  is  satisfactory  for  obtaining  a  representative 
sample. 

The  apparatus  consists  of  a  bottle,  or  other  container,  attached  to  the 
end  of  an  iron  rod  of  sufficient  length  to  reach  to  the  bottom  of  the  car. 
The  bottle  is  lowered  to  the  bottom  of  the  car,  and  when  at  the  bottom 
the  stopper  is  withdrawn  by  means  of  a  wire  or  spring.  The  sampler  is 
then  raised  through  the  liquid  at  such  a  rate  that  the  bottle  will  be  full 
just  as  it  reaches  the  surface.  This  will  give  a  sample  sufficiently  repre- 
sentative of  the  contents  of  the  car. 
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(6)  Specific  Gravity  Table.— The  following  specific  gravity  table  of 
xinc  chloride  solutions  ranging  from  0.39%  to  70%  is  presented  as  a 
standard  table  for  reference. 

The  solutions  used  in  making  up  this  table  were  made  from  electro- 
lytic spelter  and  chemically  pure  hydrochloric  add,  made  up  exactly  to 
neutrality  varying  in  gravity  from  0.5°  B6  to  70°  B^.  The  specific 
gravity  determinations  were  made  by  means  of  a  picnometer  at  60°F., 
and  are  referred  to  water  at  60°F.  All  work  was  done  independently  by 
2  different  men.  All  zinc  determinations  were  made  in  duplicate  by 
both  men,  both  volumetrically  and  gravimetrically,  and  checked  very 
closely.  Gravimetric  chlorine  tests  also  checked  very  closely  with  the 
theoretical  equivalents  for  the  zinc.  The  results  were  plotted  on  co- 
ordinate paper,  and  the  figures  in  the  table  were  taken  from  the  resulting 
curve.  The  degrees  Beaum^  were  calculated  from  the  gravities  in  the 
usual  manner,  using  the  formula: 


^•«^-^*«-s^. 

Specific  Gravity  Table  for  Zinc  Chloride. 

(60«F. 

referred  to 

water  at  60" 

F.) 

Be«um^ 

Sp.  Gr.  at 
eo/GO"  F. 

ZnCls. 

Beaujxi^ 

Sp.  Gr.  at 
60/60*  F. 

ZnQs. 

Percent 

Percent 

0.5 

1.0085 

0.89 

19.0 

1.1508 

16.08 

1.0 

1.0069 

0.78 

19.6 

1.1664 

16.60 

1.6 

1.0106 

1.17 

20.0 

1.1600 

17.00 

2.0 

1.0140 

1.68 

X20.85 

1.1632 

17.82 

2.6 

1.0176 

1.90 

20.5 

1.1647 

17.49 

3.0 

1.0211 

2.80 

21.0 

1.1694 

17.98 

8.5 

1.0247 

2.68 

21.5 

1.1741 

18.47 

4.0 

1.0284 

8.04 

22.0 

1.1789 

18.96 

4.6 

1.0820 

8.42 

22.5 

1.1887 

19.44 

5.0 

1.0867 

8.82 

23.0 

1.1885 

19.98 

X6.08 

1.0868 

8.88 

23.6 

1.1934 

20.40 

5.6 

1.0894 

4.22 

24.0 

1.1988 

20.90 

6.0 

1.0482 

4.62 

24.6 

1.2033 

21.36 

6.5 

1.0469 

6.06 

25.0 

1.2083 

21.86 

7.0 

1.0607       / 

6.42 

Z25.14 

1.2097 

22.02 

7.5 

1.0646 

5.89 

25.6 

1.2184 

22.40 

8.0 

1.0684 

6.80 

26.0 

1.2185 

22.86 

8.5 

1.0623 

6.70 

26.6 

1.2286 

28.88 

9.0 

1.0662 

7.12 

27.0 

1.2288 

28.90 

9.6 

1.0701 

7.60 

27.6 

1.2840 

24.40 

10.0 

1.0741 

7.97 

28.0 

1.2893 

24.90 

xlO.16 

1.0764 

8.05 

28.6 

1.2446 

26.40 

10.6 

1.0781 

8.38 

29.0 

1.2500 

25.92 

11.0 

1.0821 

8.81 

29.5 

1.2654 

26.42 

11.5 

1.0861 

9.22 

80.0 

1.2609 

26.90 

12.0 

1.0902 

9.67 

80.6 

1.2664 

27.48 

12.5 

1.0943 

10.10 

81.0 

1.2719 

27.95 

18.0 

1.0986 

10.57 

81.6 

1.2775 

28.43 

18.5 

1.1027' 

10.97 

82.0 

1.2832 

28.97 

14.0 

1.1069 

11.40 

32.5 

1.2889 

29.46 

14.6 

1.1111 

11.87 

83.0 

1.2946 

29.98 

16.0 

1.1164 

12.28 

88.5 

1.3004 

80.47 

X15.85 

1.1184 

12.59 

84.0 

1.8063 

80.98 

15.6 

1.1197 

12.70 

84.5 

1.3122 

31.46 

16.0 

1.1240 

13.20 

35.0 

1.8182 

31.99 

16.6 

1.1284 

18.65 

X36.07 

1.3189 

32.00 

17.0 

1.1828 

14.17 

35.5 

1.8242 

32.46 

17.5 

1.1878 

14.62 

86.0 

1.3308 

32.96 

18.0 

1.1417 

15.08 

86.5 

1.8864 

38.46 

18.6 

1.1462 

15.67 

37.0 

1.3426 

83.97 

(x)  Specific  gravity  determinatioiu  and  analyaes  made  on  these  samples. 
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Specific  Gravity  Table  for  Zinc  Chloride  (Concluded). 

(60'  F.  referred  to  water  at  60*  F.) 


Sp.  Gr.  at 

Sp.  Gr.  at 

Beaum^ 

eo/eo'*  F. 

ZnCh. 
Pm-  eerU. 

Beaum6 

60/60*  F. 

ZnCls. 

Per  eeni 

37.6 

1.3488 

34.47 

64.5 

1.6022 

52.11 

38.0 

1 .3661 

34.98 

55.0 

1.6111 

52.65 

38.6 

1.8616 

36.60 

X55.05 

1.6120 

52.77 

39.0 

1.3679 

36.00 

66.5 

1.6201 

53.22 

39.6 

1.8744 

36.61 

56.0 

1.6292 

53.76 

40.0 

1.3810 

37.01 

56.6 

1.6384 

64.30 

X40.16 

1.3829 

37.14 

57.0 

1.6477 

64.81 

40.6 

1.3876 

87.62 

67.5 

1.6571 

55.88 

41.0 

1.3942 

38.03 

68.0 

1.6667 

66.93 

41.6 

1.4010 

88.68 

68.5 

1.6763 

56.47 

42.0 

1.4078 

39.08 

59.0 

1.6860 

67.00 

42.6 

1.4146 

39.69 

59.5 

1.6959 

57.51 

43.0 

1.4216 

40.10 

60.0 

1.7059 

58.03 

43.6 

1.4286 

40.60 

X60.13 

1.7082 

68.29 

44.0 

1.4366 

41.14 

60.50 

1.7160 

68.60 

44.6 

1.4428 

41.61 

61.0 

1.7262 

69.17 

Z44.99 

1.4498 

42.16 

61.5 

1.7365 

69.70 

46.0 

1.4600 

42.16 

62.0 

1.7470 

60.20 

46.6 

1.4673 

42.70 

62.5 

1  7576 

60.73 

46.0 

1.4646 

43.20 

63.0 

1.7683 

61.34 

46.6 

1.4721 

43.72 

63.6 

1.7791 

61.89 

47.0 

1.4796 

44.26 

64.0 

1.7901 

62.40 

47.6 

1.4872 

44.80 

64.5 

1.8012 

62.90 

48.0 

1.4948 

46.30 

65.0 

1.8125 

63.46 

48.6 

1.5026 

46.86 

x65.ll 

1.8149 

63.66 

49.0 

1.6104 

46.38 

65.5 

1.8239 

64.08 

49.6 

1.5183 

46.90 

66.0 

1.8354 

64.62 

50.0 

1.6263 

47.40 

66.6 

1.8471 

66.18 

X60.14 

1.6285 

47.58 

67.0 

1.8690 

65.80 

60.6 

1.6344 

47.92 

67.6 

1.8710 

66.40 

61.0 

1.5426 

48.45 

68.0 

1.8831 

66.99 

61.5 

1.5508 

49.00 

68.6 

1.8954 

67.52 

52.0 

1.5591 

49.55 

69.0 

1.9079 

68.18 

62.5 

1.5676 

50.02 

69.5 

1.9205 

68.70 

53.0 

1.5761 

50.68 

70.0 

1.9333 

69.40 

53.5 

1.5847 

51.10 

X70.05 

1.9345 

69.42 

64.0 

1.5934 

51.62 

(x)  Specific  gravity  determinations  and  analyses  made  on  these  samples. 

In  using  the  specific  gravity  table  it  must  bd  remembered  that  the 
table  is  based  on  chemically  pure  zinc  chloride,  free  from  basic  zinc. 
The  gravity  for  a  given  per  cent  strength  as  shown  in  the  table  will  be 
considerably  lower  than  that  of  a  commercial  zinc  chloride  of  the  same 
soluble  zinc  content.  For  example,  referring  to  table  of  analysis  of 
zinc  samples  (page  6),  Sample  A  shows  an  actual  gravity  at  60°F.  of 
1.580,  whereas  the  table  shows  1.5676;  Sample  C,  1.620  actual  and  1.585 
by  the  table. 

If  in  connection  with  the  use  of  the  above  gravity  table  it  is  desired  to 
allow  for  temperature,  corrections  taken  from  the  following  table  may  be 
applied.  This  table  is  based  on  determinations  made  by  placing  solu- 
tions of  various  gravities  in  a  hydrometer  jar  immersed  in  a  water  bath 
and  raising  the  temperature  of  the  solution  until  a  total  decrease  in  gravity 
of  3°  B6  as  shown  by  a  hydrometer  has  taken  place,  temperature  readings 
being  made  at  1**  B^  intervals.    The  average  number  of  degrees  Fahren- 
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beit  required  to  cause  a  change  of  l"*  B^  is  taken  as  the  reading  for  that 
particxilar  strength.    The  table  follows: 


Effect  of  Temperature  on  Gravity. 


Strensth  of 
Solution. 


"86. 
5 
10 
15 
20 
25 
30 
35 
40 
45 
50 
55 
60 
65 
70 


Decrees  Fahrenheit 

Neoeisary  to  Produce 

Change  in  Gravity 

of  1"  B6. 

tt; 

42.0 
34.0 
84.0 
30.8 
80.8 
80.8 
30.3 
30.8 
30.8 
83.0 
86.0 
87.0 
87.0 
42.0 


(7)  Working  Table  for  Plant  Use.— (a)  Preliminary  data. 

In  order  to  work  up  a  table  for  plant  use  it  was  first  necessary  to  find 
the  specific  gravities  of  1%  to  5%  solutions  for  various  temperatures. 

The  basis  of  this  investigation  was  chloride  of  zinc  prepared  from 
rfectrolytic  zinc  and  chemically  pure  hydrochloric  acid  allowed  to  react 
to  absolute  neutrality  as  indicated  by  methyl  orange.  The  specific 
gravities  were  taken  by  picnometer  at  60°F.  referred  to  water  at  60°F. 


Gravity  B6.  at 
60^  P. 

01.  Calculated  to           ZnCls  from 

Zn. 

CI. 

ZnCls. 

Zn+Cl. 

Percent 

Percent 

Percent 

Per  cent 

1.36 

0.49 

0.52 

1.01 

1.01 

2.43 

0.90 

0.96 

1.86 

1.86 

8.66 

1.86 

1.47 

2.83 

2.83 

4.69 

1.75 

1.88 

3.63 

3.63 

6.14 

2.29 

2.49 

4.78 

4.78 

^BGREES  BEAUME, 

Specific  Gravity  and 

Per  Cent.  Zinc  Chlor 

at 

60*'  P., 

1%  TO  h%  Zinc  Chloride. 

Specific 

Beaum6 

Gravity. 

ZnClj. 

]jtQT€€9 

Per  cent 

1.35-1- 

1.0093  + 

1.01  + 

1.94 

1.0136 

1.50 

2.45  + 

1.0170  + 

1.86  + 

2.60 

1.0183 

2.00 

8.23 

1.0228 

2.50 

3.66+ 

1.0259+ 

2.83+ 

8.88 

1.0275 

3.00 

4.52 

1.0322 

8.50 

4.69 

1.0835+ 

3.63  + 

5.16 

1.0369 

4.00 

5.79 

1.0416 

4.50 

6.14 

1.0442  + 

4.78  + 

6.40 

1.0462 

5.00 

+  Determined  points. 

In  order  that  temperature  corrections  may  be  made  for  gravities  taken 
with  a  hydrometer,  experiments  were  made  to  determine  the  change  of 
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temperature  necessary  to  produce  a  change  of  1"*  B^  in  solutions  of  zinc 
chloride  of  1%,  2%,  3%,  4%,  and  6%  strength.  The  results  are  tabu- 
lated below: 


Zinc  Chloride. 

Ptretni 
1 
2 
8 

4 
6 


Degrees  Fahrenheit 

Required  to  Ceuee  a 

Change  of  1*  B6. 

^T 

60 
60 
49 
46 
42 


In  order  to  calculate  the  specific  gravity  of  1%,  2%,  3%,  4%,  and 
6%  solutions  at  the  various  temperatures,  it  was  necessary  to  determine 
the  density  of  these  solutions  at  various  temperatures;  that  is,  at  SC'F., 
100°F.,  140°F.,  and  180**F.  The  density  of  these  solutions  was  found  by 
weighing  equal  volimies  of  air-free  water  and  these  respective  solutions 
at  identical  temperatures.  The  weights  for  the  unit  volume  of  air-free 
water  at  the  temperature  at  which  the  density  was  determined  was  taken 
from  the  table  published  by  Marek,  Scheel  and  Theissen,  Physikalische 
Reichsanstalt,  Germany.  The  results  of  these  determinations  are  given 
below: 


ZnCb. 

Per  cent 
1.01 
1.86 
2.83 
8.63 
4.78 


At  60»  P. 


1.0084 
1.0160 
1.0261 
1.0326 
1.0482 


At  100*  F. 


1.0026 
1.0100 
1.0188 
1.0268 
1.0862 


At  140-  F. 


0.9927 
0.9997 
1.0086 
1.0164 
1.0267 


At  180'  F. 


0.9794 
0.9861 
0.9962 
1.0017 
1.0118 


From  the  above  data  with  several  interpolations,  pounds  per  gallon, 
and  pounds  per  cubic  foot,  were  computed,  using  the  following  equiv- 
alents: 


1  Gal.  U.  S. -8786.48  grams. 
ILb.  -  468.69      " 

1  Cu.  Ft.       -       7.48  gallons. 


ZnClt.     60< 


Founds  per  Gallon. 
F.     lOO^F.    140"  F. 


180»P. 


Founds  per  Cubic  Foot. 
60»F.       lOO'F.      140"F.      180"  F 


Per 
eent 


Lbe. 


„.-       Lbe.        Lba.         Lba. 

1.01+  8.416+  8.366+  8.242+  8.178  + 

1.86+  8.487+  8.429+  8.343+  8.229+ 

2.00      8.496      8.430  8.344  8.280 

2.88+  8.664+  8.602+  8.417+  8.306+ 

3.00      8.667      8.614  8.428  8.817 

8.63+  8.616+  8.661+  8.474+  8.860+ 

4.00       8.644       8.688  8.601  8.387 

4.78+  8.706+  8.647+  8.660+  8.444+ 

6.00      8.721       8.664  8.677  8.661 
+  Determined  points. 

(b)  Working  table  in  gallons  and  pounds. 

The  following  table  has  been  expanded  from  the  above  data  for  a 
plant-working  table.  To  use  it  accurately  solutions  must  be  analyzed 
for  their  zinc  content  instead  of  depending  on  hydrometer  readings. 


Lba.  Lba.  Lbe.  Lbe 

62.949+  62.680+  61.966+  61.186+ 

63.486+  63.049+  62.408+  61.667+ 

63.667      63.116      62.480  61.636 

63.991+  63.698+  62.961+  62.127+ 

64.086      63.689       63.061  62.211 

64.463+  64.086+  63.386+  62.630+ 

64.663       64.242       63.693  62.737 

66.114+  64.684+  64.029+  63.161  + 

66.239      64.807       64.162  68.284 
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Pounds  Per  Gallon  of  Zinc  Chloride  at  Different  Tempera- 
tures FOR  Working  Solutions. 

Solution    60-F.     66'F.      TOT.     76^.      80**F.     85'F.     90*F.     96-P. 


1.0% 

8.416 

8.410 

8.406 

8.400 

8.394 

8.388 

8.881 

8.374 

.1 

.428 

.418 

.413 

.407 

.401 

.395 

.888 

.881 

.2 

.481 

.426 

.420 

.416 

.408 

.402 

.395 

.387 

.439 

.434 

.428 

.422 

.416 

.409 

.402 

.894 

.447 

.442 

.486 

.480 

.423 

.416 

.409 

.400 

.466 

.460 

.443 

.437 

.430 

.423 

.416 

.407 

.463 

.468 

.461 

.444 

.437 

.430 

.423 

.414 

.471 

.466 

.469 

.462 

.444 

.437 

.430 

.420 

.479 

.474 

.467 

.459 

.452 

.444 

.437 

.427 

.487 

.482 

.474 

.467 

.459 

.461 

.444 

.433 

2.0% 

8.496 

8.490 

8.482 

8.474 

8.466 

8.468 

8.460 

8.440 

.608 

.497 

.489 

.482 

.474 

.466 

.468 

.448 

.610 

.604 

.496 

.489 

.482 

.474 

.466 

.466 

.617 

.611 

.603 

.497 

.489 

.481 

.474 

.467 

.624 

.618 

.610 

.604 

.497 

.489 

.482 

.473 

.631 

.626 

.617 

.612 

.605 

.497 

.490 

.481 

.638 

.532 

.524 

.620 

.613 

.606 

.498 

.489 

.646 

.639 

.631 

.527 

.521 

.513 

.606 

.497 

.662 

.646 

.638 

.536 

.528 

.620 

.614 

.506 

.669 

.663 

.646 

.642 

.536 

.628 

.622 

.514 

8:o% 

8.667 

8.660 

8.666 

8.560 

8.544 

8.536 

8.530 

8.522 

.676 

.668 

.664 

.668 

.552 

.544 

.537 

.529 

.682 

.676* 

.672 

.666 

.569 

.661 

.546 

.537 

.690 

.684 

.579 

.673 

.667 

.569 

.552 

.544 

.698 

.592 

.687 

.681 

.674 

.666 

.660 

.552 

.606 

.600 

.696 

.689 

.582 

.674 

.667 

.659 

.618 

.608 

.603 

.597 

.589 

.682 

.574 

.566 

.621 

.616 

.611 

.605 

.697 

.589 

.582 

.574 

.629 

.624 

.618 

.612 

.604 

.597 

.589 

.581 

.636 

.632 

.626 

.620 

.612 

.604 

.597 

.588 

4.0% 

8.644 

8.639 

8.634 

8.628 

8.619 

8.612 

8.604 

8.596 

.662 

.647 

.642 

.636 

.627 

.620 

.612 

.604 

.669 

.664 

.649 

.643 

.636 

.628 

.619 

.611 

.667 

.662 

.657 

.661 

.643 

.636 

.627 

.619 

.676 

.670 

.664 

.668 

.661 

.643 

.636 

.626 

.688 

.678 

.672 

.666 

.659 

.661 

.642 

.634 

.690 

.686 

.680 

.674 

.667 

.669 

.650 

.642 

.698 

.693 

.687 

.681 

.675 

.667 

.658 

.649 

.706 

.701 

.696 

.689 

.683 

.674 

.665 

.667 

.713 

.708 

.702 

.696 

.691 

.682 

.673 

.664 

5:0% 

8.721 

8.716 

8.710 

8.704 

8.698 

8.690 

8  681 

8.672 
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Pounds  Per  Gallon  of  Zinc  Chloride  at  Different  Tempera- 
tures FOR  Working  Solutions — (Continued). 

Solution  lOO'F.    105''F.    IIO'F.    115*F.    120'F.    126°F.   180*F.   185**F. 


1.0% 

8.866 

8.857 

8.348 

8.839 

8.880 

8.320 

8.808 

8.296 

.1 

.372 

.868 

.864 

.346 

.836 

.826 

.814 

.802 

.2 

.879 

.870 

.360 

.361 

.842 

.332 

.320 

.308 

.3 

.885 

.376 

.867 

.867 

.348 

.838 

.326 

.815 

.4 

.892 

.882 

.878 

.868 

.354 

.844 

.382 

.820 

.6 

.398 

.389 

.879 

.869 

.860 

.360 

.338 

.827 

.6 

.404 

.395 

.885 

.376 

.866 

.356 

.844 

.838 

.7 

.410 

.401 

.891 

.381 

.872 

.362 

.860 

.839 

.8 

.417 

.407 

.898 

.887 

.378 

.868 

.856 

.346 

.9 

.424 

.414 

.404 

.893 

.884 

.874 

.362 

.362 

1.0% 

8.480 

8.420 

8.410 

8.400 

8.890 

8.880 

8.869 

8.858 

.1 

.488 

.429 

.419 

.409 

.899 

.389 

.877 

.867 

.2 

.447 

.437 

.427 

.417 

.407 

.397 

.886 

.375 

.8 

.455 

.446 

.436 

.426 

-.416 

.406 

.395 

.884 

.4 

.464 

.464 

.444 

.484 

.424 

.414 

.404 

.392 

.6 

.472 

.468 

.458 

.443 

.488 

.423 

.418 

.401 

.6 

.480 

.472 

.462 

.462 

.442 

.432 

.421 

.410 

.7 

.489 

.480 

.470 

.460 

.460 

.440 

.480 

.418 

.8 

.497 

.489 

.479 

.469 

.459 

.449 

.489 

.427 

.9 

.606 

.497 

.487 

.477 

.467 

.467 

.447 

.435 

8.0% 

8.614 

8.506 

8.496 

8.486 

8.476 

8.466 

8.456 

8.444 

.1 

.621 

.613 

.608 

.493 

.483 

.478 

.468 

.461 

.2 

.529 

.520 

.610 

.600 

.490 

'    .480 

.470 

.468 

.8 

.536 

.528 

.518 

.508 

.498 

.488 

.477 

.466 

.4 

.644 

.535 

.625 

.516 

.505 

.496 

.484 

.472 

.5 

.661 

.542 

.682 

.522 

.512 

.602 

.491 

.479 

.6 

.668 

.549 

.589 

.529 

.619 

.509 

.498 

.486 

.7 

.667 

.566 

.646 

.586 

.626 

.616 

.506 

.493 

.8 

.578 

.664 

.654 

.544 

.684 

.624 

.612 

.600 

.9 

.580 

.670 

.561 

.661 

.641 

.581 

.519 

.607 

4.0% 

8.688 

8.678 

8.568 

8.558 

8.548 

8.588 

8.526 

8.614 

.1 

.696 

.586 

.676 

.666 

.666 

.546 

.584 

.622 

.2 

.608 

.593 

.688 

.573 

.668 

.653 

.641 

.629 

.8 

.611 

.601 

.591 

.581 

.671 

.661 

.649 

.537 

.4 

.618 

.608 

.698 

.588 

.578 

.668 

.656 

.644 

.5 

.625 

.616 

.606 

.596 

.686 

.576 

.664 

.662 

.6 

.633 

.624 

.614 

.604 

.694 

.683 

.572 

.660 

.7 

.641 

.631 

.621 

.611 

.601 

.691 

.579 

.667 

.8 

.648 

.639 

.629 

.619 

.609 

.698 

.587 

.576 

.9 

.655 

.646 

.686 

.626 

.616 

.606 

.694 

.582 

5.0%     8.664     8.654     8.644     8.634     8.624     8.613     8.602     8.590 
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Pounds  Per   GjLi^ijOff  of  Zinc  Chloride  at  Different  Te 
TUKBS   FOR  Working  Solutions — Concluded.) 

Solution  140^F.      X-AS^F.  IM'F.    166'F.    IWF.    165»F.  170'F.     176'F.  18 

.i  .290 

.2  ,  296 

.8  .saz 

.4  .  308 

.6  .8X4 

.6  .820 

.7  .826 

.8  .  882 

.9  .  33» 
2.0%     8.84^ 

.1  .863 

.2  .882 

.8  .  ST^ 

.4  .sr^ 

.5  .88» 

.6  .S^Z 

9  .429 

t  IS? 

i  ttf 

40%  8-*^^i 

i  ".  BX6 

i  .B24 

4  .S81 


.5 
.6 
.7 
.8 


1639 
.64T 
.654 
.662 
.669 


S.272 

8.260 

8.248 

8.234 

8.220 

8.206 

8.190     8.] 

.278 

.266 

.263 

.239 

.225 

.211 

.196 

.284 

.271 

.269 

.246 

.231 

.217 

.201 

.289 

.277 

.264 

.260 

.236 

.222 

.207 

.296 

.282 

.270 

.266 

.242 

.228 

.212 

.801 

.288 

.275 

.261 

.247 

.233 

.218 

.807 

.294 

.280 

.266 

.262 

.238 

.224 

.812 

.299 

.286 

.272 

.268 

.244 

.229 

.318 

.806 

.291 

.277 

.263 

.249 

.235 

.824 

.310 

.297 

.288 

.269 

.256 

.240 

8.880 

8.816 

8.302 

8.288 

8.274 

8.260 

8.246    8. 

.389 

.326 

.811 

.297 

.283 

.269 

.266 

.848 

.834 

.320 

.806 

.292 

.278 

.264 

.367 

.844 

.280 

.316 

.302 

.287 

.272 

.866 

.863 

.339 

.326 

.811 

.296 

.281 

.376 

.362 

.348 

.334 

.320 

.306 

.290 

.384 

.271 

.867 

.343 

.329 

.314 

.299 

.893 

.880 

.366 

.352 

.338 

.323 

.808 

.402 

.390 

.376 

.362 

.348 

.332 

.316       . 

.411 

.899 

.386 

.871 

.357 

.341 

.326 

8.420 

8.408 

8.394 

8.880 

8.366 

8.860 

8.334    8.: 

.427 

.416 

.401 

.887 

.873 

.367 

.341 

.484 

.421 

.408 

.394 

.380 

.364 

.848 

.440 

.428 

.414 

.400 

.886 

.371 

.365      .; 

.447 

.486 

.421 

.407 

.893 

.378 

.362 

.454 

.442 

.428 

.414 

.400 

.386 

.369 

.461 

.448 

.436 

.421 

.407 

.392 

.376 

.468 

.466 

.442 

.428 

.414 

.399 

.383 

.474 

.462 

.448 

.434 

.420 

.406 

.390 

.481 

.468 

.456 

.441 

.427 

.413 

.397 

8.488 

8.476 

8.462 

8.448 

8.434 

8.420 

8.404     8. 

.496 

.483 

.470 

.456 

.442 

.427 

.411 

.608 

.490 

.477 

.463 

.449 

.436 

.419 

.511 

.498 

.486 

.471 

.467 

.442 

.426       .' 

.518 

.606 

.492 

.478 

.464 

.460 

.484 

.526 

.618 

.600 

.486 

.472 

.467 

.441 

.588 

.621 

.608 

.494 

.480 

.464 

.448       .< 

.641 

.628 

.616 

.501 

.487 

.472 

.456       .4 

.649 

.636 

.628 

.609 

.496 

.479 

.463       .' 

.666 

.643 

.630 

.616 

.602 

.487 

.471 

'%9r        8'.6'77      8.664     8.651     8.638     8.624     8.610    8.494     8.478    8 


B.0% 
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(8)  Methods  of  Figuring  Zinc  Chloride  Dilutions  and  Con- 
centrations.— (a)  Discussion. 

In  handling  zinc  chloride  in  the  treating  plant  it  is  necessary  to  make 
proper  dilutions  and  concentrations.  This  work  is  simplified  by  using 
either  of  the  2  methods  described  in  the  following  discussion: 

Fortntila  Metliod  for  Dilution  and  Concentration 
Explained. 

A  formula  is  derived  for  each  possible  case  for  making  dilutions  and 
concentrations  from  the  simple  fact  that  the  amount  of  zinc  chloride 
used  is  equal  to  the  amount  of  zinc  chloride  in  the  resulting  solution. 
To  use  the  formulae  select  the  one  to  suit  the  case  in  question  and 
substitute  for  the  symbols  their  values  and  solve  for  the  unknown. 

For  convenience  we  shall  use  the  following  symbols  to  be  used  alike  in 
all  formulae  to  follow  later:* 

A  -  Weight  in  Ibe.  of  ab<m  treating  solution. 

a  ■■  Per  cent  of  abowe  treating  solution. 
B -Weight  in  Ibe.  of  below  treating  solution, 
bo  Per  cent  of  below  treating  solution. 
Co  Weight  in  Ibe.  of  concentrated  solution. 

c  o  Per  cent  of  coneentrcUed  solution. 
F  o  Weight  in  Ibe.  of  fueed  ZnQt. 

f  o  Per  cent  of  fuaed  ZnCls. 

Tto  Weight  in  Ibe.  of  treating  solution. 

to  Per  cent  of  treating  solution. 
Wo  Weight  in  Ibe.  of  water. 

Therefore: 

Aao  Weight  of  zinc  chloride  dissolved  in  the  aboee  treating  solution. 
Bbo  Weight  of  cine  chloride  dissolved  in  the  btiow  treating  solution. 
Ceo  Weight  of  zinc  chloride  dissolved  in  the  concentrated  solution. 
Ffo  Weight  of  zinc  chloride  in  the  fueed  ZnCls. 
Tto  Weight  of  zinc  chloride  dissolved  in  the  treating  solution. 

Rectangle  Method  for  Dilution  and  Concentration  Explained. 

The  figures  expressing  the  percentage  concentration  of  2  solutions 
are  written  in  the  2  left-hand  comers  of  a  rectangle  and  the  figure  express- 
ing the  desired  concentration  is  placed  on  the  intersection  of  the  2 
diagonals  of  this  rectangle.  Now,  subtract  the  figure  on  the  diagonals, 
the  smaller  from  the  larger,  and  write  the  result  at  the  other  end  of 
the  respective  diagonal.  These  figures  then  indicate  what  quantities 
of  the  solutions,  whose  concentrations  are  given  on  the  other  end  of  the 
respective  horizontal  line,  must  be  taken  to  obtain  a  solution  of  the 
desired  concentration. 

For  example:  To  make  a  3.5%  zinc  chloride  treating  solution  from  a 
50%  concentrated  solution  and  water  we  prepare  Fig.  1,  and  find  that 
we  have  to  take  3.5  parts  of  the  50%  solution  and  46.5  parts  by  weight 
of  the  water  to  obtain  50  parts  by  weight  of  a  3.5%  solution. 

*The  terms  "above"  and  "below"  signify  solutions  stronger  and  weaker  than  strength 
of  working  solution  desired. 
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50 8.6      parts  by  weight  of  50%  solution. 


Ll." 


0  46.5     parts  by  weight  of  water. 

50.0      parts  by  weight  of  8.6%  solution. 
Fig.  1. 

(b)  Cases  and  concrete  examples: 

Case  1. — DiltUion  of  concentrated  solution  with  water  to  make  a  definite 
amount  of  treating  solution. 

Problem, — How  many  gallons  of  a  60%  (concentrated)  solution^must 

be  diluted  Y^th  water  to  make  10,000  gds.  of  a  3.5%  (treating)  solution 

at  160'*F.? 

FwmiOa  Mdhod, 

Cc-Tt 
Therefore, 

C 

substituting, 

10,000  X  8.414  (wt.  1  gal.  of  3.6%  at  160"  F.) -84,140  lbs. 

^     84,140  z  .085 

^ ^0 — 

C- 5889.8  lbs. 

5889.8  lbs. +18.0824  (wt.  1  gal.  50%  at  60"  F.) -450.28  gals,  at  60°  F. 

Redangle  Method, 
60  3.6      parts  by  weight  of  50%  solution. 


8.5 


46 . 5      parts  by  weight  of  water. 

50.0      parts  by  weight  of  3.6%  solution. 

10,000  X  8.414  (wt.  1  gal.  of  3.6%  at  160"  F.) -84,140  lbs. 
50  : 8.5  :  :  84,140  :  C 
60  C-84,140  z  8.5 
C- 5889.8  lbs. 
5889.8  lbs. +18.0824  (wt.  1  gal.  50%  at  60"  F.) -460.28  gals,  at  60"  F. 

Case  2. — Dilution  of  a  definite  amount  of  concentrated  solution  with 
waier,  thus  forming  a  greater  amount  than  this  of  treating  solution. 

Problem, — ^How  many  gallons  of  water  must  be  added  to  450.28  gals. 
of  50%  (concentrated)  solution  to  form  3.5%  (treating)  solution  at 
160"F.7 

FormtUa  Mtthod. 

Tt-Cc 
but 

T-W+C 
substituting  new  value  for  T. 

(W+C)t-Cc 

Wt+Ct-Cc 

Wt-Cc-Ct 


Digitized  by  LjOOQ IC 


68  Seventeenth  Annual  Meeting 


subftitutilig, 

450^  X  18.0824  (wt.  1  gal.  50%  at  60^  F.)- 5889.8  lbs. 

_    5889.8  (.60 -.085) 

^"  :035 

W-78250.20  lbs. 

78250.20-i-8.8455- 9876.21  gals,  at  60*  F. 

ReeiangU  Method. 
50  8.5      parts  by  weight  of  50%  solution. 

FT 


,8.5 


0  46.5      parts  by  weight  of  water. 

50.0         parts  by  weight  of  8.5%  solution. 
450.28  X  13.0824  (wt.  1  gal.  50%  at  60*  F.)- 5889.8  lbs. 
8.5  :  46.5  :  :  5889.8  :  W 
8.5  W- 6889.8  X  46.5 
W— 78250.20  lbs 
78250.20-i-8.8455  (wt.  1  gal.  water  at  60*  F.) -9876.21  gals,  at  60*  F. 

Case  3. — The  addition  of  concentrated  solution  to  a  definite  amount  of 
water,  thus  producing  a  greater  amount  of  treating  solution. 

Problem.— How  many  gallons  of  50%  (concentrated)  solution  must  be 
added  to  9376.21  gals,  of  water  to  produce  a  3.5%  (treating)  solution 
at  160''F.? 

Formvla  Method: 

Cc-Tt 
but 

T-W+C 
substituting  the  new  value  for  T 

Cc-(W+C)t 
Cc-Wt+Ct 
Cc-Ct-Wt 

C(c-t)-W 

^     (c-t) 
substituting 

9876.21  X  8.8455  (wt.  1  gal.  water  at  60*  F.) -78250.20  lbs. 
78250.20  X  .035 
^"       .60 -.035 
C- 5889.80  lbs. 
6889.8 -i- 18.0824  (wt.  of  1  gal.  50%  at  60*  F.) -460.28  gals,  at  60*  F. 

Rectangle  Method. 
50     8.6      parts  by  weight  of  50%  solution. 


: :^ 


46 . 5      parts  by  wei  ght  of  water. 

50.0      parts  by  weight  of  3.6%  solution. 
9376.21  X  8.8455  (wt.  1  gal.  water  at  60*  F.) -78250.20  lbs. 

46.5:3.5  :  :  78260.20  :  C. 
46.5  C-78260.20  z  8.5 
C-5889.80  lbs. 
6889. 80 -i- 13. 0824  (wt.  1  gal.  50%  at  60*  F.)-450.28  gals,  at  60*  F. 

Case  4. — Dilution  of  an  above  treating  solution  with  vmter  producing  a 
greater  amount  of  treating  solution. 

Problem. — ^How  many  gallons  of  water  at  60**F.  must  be  added  to 
10,000  gals,  of  a  4%  above  treating  solution  at  160**F.  to  make  a  3.6% 
treating  solution  at  160**F.? 
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Formula  Method. 

Tt-Am 
but 

T-W+A 
mibetituting  a  new  value  for  T 

(W-fA)t-Aa 
Wt+At-Aa 
Wt-Aa-At 

eab«tituting 

10,000  X  8.448  (wt.  1  gal.  4%  solution  at  160"  F.) -84480  lbs. 
_     84480  (.04 -.085) 

^"  :035 

Tgr  g,  12068  57 

12068.57+8.8466  (wt.  1  gal.  water  at  60"  F.)- 1446.11  gals,  at  60*  F. 
Rectangle  Method, 
4.0  3.6      parts  by  weight  of  4%  solution. 


0  .5      parts  by  weight  of  water. 

4 . 0      parts  by  weight  of  8 . 5%  solution. 
10,000  X  8.448  (wt.  1  gal.  4.0%  at  160"  F.) -84480  lbs. 
3.6  :5  :  :  84480  :  W 
8.6  W-84489  X  .6 
W- 12068.  57  lbs. 
12068.67+8.8456-1446.11  gals,  at  60*  F. 

Case  5. — Concentration  of  a  definite  amount  of  below  treating  solution 
by  the  addition  of  a  concentrated  solution  producing  a  greater  amount  of 
treating  solution. 

Problem. — How  many  gallons  of  50%  (concentrated)  solution  must 
be  added  to  10,000  gals,  of  a  3.0%  (below  treating)  solution  at  IGO^'F.  to 
make  a  3.5%  (treating)  solution  at  160**F.? 

Formula  Method. 

Cc+Bb-Tt 
but 

T-C+B 
substituting  new  value  for  T. 

Cc4-Bb-(C-KB)t 

Cc+Bb-Ct+Bt 

Cc-Ct-Bt-Bb 

C(c-t)-B(t-b) 
therefore 

p     Bft-b) 

substituting 

10.000  X  8.880  (wt.  1  gal.  8.0%  at  160°  F.)  -83,800  lbs. 
^     88800  (.035 -.08) 

(.50 -.035) 
C- 901.07  lbs. 
901.07  +  13.0824-61.23  gaU.  at  60"  F. 

Rectangle  Method. 
60  .5      parts  by  weight  of  60%  solution. 


,^» 


8.0  46.5      parts  by  weight  of  3.0%  solution. 

47 . 0      parts  by  weight  of  8.6%  solution. 
10.000  X  8JW0  (wt.  1  gal.  3.0  %  at  160^ F.)  -88800  lbs. 
46.6  :  .6  :  :  88800  :  C 
46.6-88800  X  .6 
C-901.07  lbs. 
901.07  +  18.0824  (wt.  1  gal.  60  %) -61.23  gals,  at  60°  F. 
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Case  6.— Preparation  of  a  treating  solution  from  a  definite  amount  of 
fused  zinc  chloride. 

Problem, — How  many  gallons  of  a  3.6%  (treating)  solution  at  160**F. 
can  be  made  from  1,000  lbs.  of  a  95%  fused  zinc  chloride? 


therefore 
subftitutiiig 


T- 27142.86  lbs. 
27142.86 -t- 8.414  (wt.  1  gal.  3.5%  at  160»  F.) -3225.91  gals,  at  160°  F. 


RectangU  MHhod, 
96 8.5      parts  by  weight  of  96%  rinc  chloride. 


Formula  MttJkod. 

Tt- 

-Pf 

T- 

Ff 

t 

T- 

1000  X, 
.035 

96 

f:^ — :^ 


0  91 . 5      parts  by  weight  of  water. 

95.0      parts  by  weight  of  3.5%  sohitioii. 

8.5:95:  :  1000  :T 
8.6  T-1000  X  96 
T- 27142. 86  lbs. 
27142.86 -t- 8.414  (wt.  1  gal.  8.6%  at  160<>  F.) -3225.91  gals,  at  160**  F. 

Case  7. — Preparation  of  a  definite  amount  of  a  treating  solution  from 
fused  zinc  chloride. 

Problem,— B.OW  many  pounds  of  95%  fused  zinc  chloride  are  necessary 
to  make  3225.91  gals,  of  a  3.5%  (treating)  solution  at  IGO^'F.? 


Formula  Mttkod. 

Ff-Tt 
therefore 

3225.91  X  8.414  (wt.  1  gal.  8.5%  at  160*>  F.) -27142.86  lbs. 
_    27142.86  X  .085 
^"  :95 

F-1000  lbs. 

Rtetangle  Method, 

96  3.5      parts  by  weight  of  95%  sine  chloride. 


91  5      parts  by  weight  of  water. 

95 . 0      parts  by  weight  of  3 . 5%  s olution. 

3226.91  X  8.414  (wt  1  gaL  3.5%  at  160*>  F.)-27142.86  lbs. 
95  :  8.5  :  :  27142.86  :  F 
95  F- 27142.86  X  8.5 
F- 1,000  lbs. 
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(9)  Method  op  Figuring  Volumetric  ABSORPTION.—Volumetric 
absorption  is  the  ratio  between  the  volume  of  solution  absorbed  in  treat- 
ment and  the  volume  of  the  timber  treated;  in  other  words,  the  cubic 
feet  of  solution  injected  divided  by  the  cubic  feet  of  wood  treated.  This 
may  be  expressed  in  a  formula,  as  follows: 


Gallons  of  solution 


%  Vol.  absorption-  7.48  X  100 

Cu.  ft.  timber  in  charge 


(10)  Visual  Method  for  Determining  Penetration.— The  Com- 
mittee recommends  for  adoption  as  a  standard  and  printing  in  the 
Manual,  the  visual  method  for  determining  the  penetration  of  zinc 
chloride  in  treated  timber  of  Galen  Wood,  described  by  him  in  a  paper 
read  before  the  American  Wood-Preservers*  Association  convention  in 
Chicago  in  1920,  and  published  in  the  1920  Proceedings,  page  182, 
entitled  "Iodine-Potassium  Ferricyanide-Starch  Color  Reaction  Test  for 
Determining  Zinz  Chloride  Penetration".    The  method  is  as  follows: 

Chemical  Principle. — The  iodine  method  for  determining 
zinc  chloride  penetration  is  based  on  the  principle  that  zinc 
ferricyanide  liberates  free  iodine  and  free  iodine  in  turn  gives  a 
dark  blue  stain  with  starch  solution.  It  is  evident  then  that  the 
zinc  chloride  that  has  been  injected  into  the  ties  will  react  with 
potassium  ferricyanide,  making  zinc  ferricyanide,  and  this  in  turn 
will  liberate  free  iodine  and  give  the  blue  stain  as  stated  above.  It 
is  a  well-known  fact  that  free  iodine  can  be  detected  in  very 
minute  quantities  with  starch  solution,  and  can  be  made  a  very 
delicate  test,  such  as  detecting  minute  amounts  of  zinc  chloride 
in  treated  ties. 

Preparation  op  Solutions.— Prepare  about  200  c.c.  each  of 
the  following  stock  solutions,  to  be  kept  separate  until  used: 

1  %  solution  of  potassium  ferricyanide. 

1  %  solution  of  potassium  iodide. 

6%  solution  of  soluble  starch. 

In  making  a  starch  solution,  be  sure  to  boil  until  the  starch  is 
in  solution,  otherwise  the  reaction  will  not  be  satisfactory.  A 
starch  solution  will  not  keep  long,  and  must  not  be  used  when  it 
begins  to  sour.    Be  sure  the  starch  solution  is  reasonably  fresh. 

Method  op  Appucation.— The  disc  of  wood  to  be  tested 
should  be  reasonably  dry.  Mix  10  c.c.  each  of  the  3  stock  solu- 
tions, and  pour  into  a  good  atomizer.  A  De  Vilbiss  No.  30  has 
been  found  satisfactory.  Spray  the  disc  of  wood  evenly  all  over. 
The  reaction  between  the  zmc  chloride  and  the  spraying  solution 
will  instantly  cause  the  treated  wood  to  turn  a  deep  blue,  while 
the  untreated  part  will  retain  its  original  color.  This  method 
is  a  positive  test.    Should  the  color  fade,  repeat  the  process. 
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III.— Effect  of  Zinc  Chloride  Treatment  on  Strengtli  of  Wood. 

The  Committee  presents  as  information  3  papers  bearing  on  this 
subject: 

"Experiments  on  the  Strength  of  Treated  Timber",  by  W.  K. 
Hatt;  Forest  Service  Circular  No.  39.     (Exhibit  A.) 

"The  Effect  of  the  Zinc  Chloride  Process  of  Preservation  on 
the  Strength  of  Structural  Timber",  by  H.  B.  Luther.  (Ex- 
hibit B.) 

"Results  of  Some  Tests  of  the  Effect  of  Zinc  Chloride  on  the 
Strength  of  Wood",  by  T.  R.  C.  Wilson  and  Ernest  Bateman. 
(Exhibit  C.) 

The  first  of  these  papers  is  given  in  abstract  only  and  is  limited  to 
those  portions  dealing  with  zinc  chloride.  The  plan  for  this  work  was 
drawn  up  by  Dr.  Hermann  von  Schrenk  and  Dr.  W.  K.  Hatt,  and  pub- 
lished in  1906  under  the  authorship  of  the  latter.  The  original  paper 
considers  not  only  the  effect  of  zinc  chloride  treatment,  but  also  that  of 
steaming  and  creosoting. 

The  second  paper  is  an  original  contribution  by  Prof.  H.  B.  Luther, 
of  the  Massachusetts  Institute  of  Technology,  and  the  third  is  an  original 
paper  by  Messrs.  Wilson  and  Bateman  of  the  Forest  Service,  describing 
tests  made  by  them  at  the  Madison  laboratory. 

Conclusion. 
The  3  papers  taken  together  seem  to  indicate  that: 

(1)  The  treatment  of  wood  with  the  usual  strength  of  zinc 
chlo-solutions  seems  to  have  but  little  permanent  effect  upon  the 
strength  of  wood  in  bending  even  5  years  after  treatment,  provided 
the  temperature  of  the  wood  during  that  time  is  not  excessively 
high. 

(2)  There  seems  to  be  a  slight  permanent  decrease  in  the  resist- 
ance of  zinc-treated  wood  to  shock  even  at  the  normal  tempera- 
tures. This  decrease  seems  to  be  greater  with  greater  absorp* 
tions  of  zinc  chloride. 

(3)  At  temperatures  somewhat  higher  than  the  normal  there 
may  be  a  considerable  reduction  in  all  strength  values. 

Exhibits  B  and  C  are  presented  as  separate  papers.  Exhibit  A  is 
given  herewith. 

Digest  of  "Experiments  on  tiie  Strength  of  Treated  Timber.*^ 

Materials  Used. — The  material  for  the  experiments  was  rail- 
road ties  11  ft.  long.  One  "8-ft."  section  of  each  tie  was  put 
through  the  particular  treatment,  the  untreated  section,  3  ft. 
long,  was  used  for  control  test  pieces. 

Tests  of  Small  Pieces.— From  each  tie  12  pieces  were  taken, 
4  from  the  control  section  and  8  from  the  treated  section.  All 
of  these  pieces  were  2  inches  by  2  inches  in  cross-sections  and  36 


•Forest  Service  Circular  No.  39. 
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inches  long,  with  one  side  parallel  to  the  direction  of  the  annual 
rings  and  the  other  at  right  angles  to  it.  After  the  bending  tests 
had  been  made  on  these  pieces,  smaller  pieces,  2  inches  by  2  mches 
in  cross-section  and  4  inches  long  were  cut  from  their  ends  and 
used  in  compression  and  shearing  tests.  The  experiments  on 
any  run  were  based  on  4  ties  marked  A,  B,  C  and  D,  and  yielded 
36  tests  per  tie. 

Tests  of  Full-Sized  Ties. — In  addition  to  the  tests  on  small 
pieces,  the  strength  of  full-sized  ties  in  bending  and  in  compression, 
both  parallel  and  at  right  angles  to  grain,  was  obtained,  as  well 
as  the  capacity  of  the  wood  to  hold  a  spike.  The  ties  used  were 
8  ft.  long.  The  entire  tie  was  treated  and  afterwards  tested  in 
full  size.  In  the  bending  tests  under  a  static  load  the  ties  were 
supported  on  a  span  of  80  inches  and  loaded  at  the  third  points 
of  the  span.  Short  sections  of  the  ties  were  used  for  tests  to 
determine  the  resistance  against  compression  parallel  to  grain, 
against  compression  at  right  angles  to  grain  (wnich  is  similar  to 
that  produced  on  a  tie  by  the  base  of  a  rail)  and  against  the  force 
withdrawing  a  spike. 

In  the  tests  of  compression  at  right  angles  to  grain  the  width 
of  the  tool  equaled  that  of  the  base  of  an  80-lb.  rail  of  the  standard 
of  the  American  Society  of  Civil  Engineers.  The  force  necessary 
to  cause  the  yielding  of  the  wood  was  measured.  Both  screw 
spikes  and  common  spikes  were  driven  into  the  tie,  and  the  force 
necessary  to  pull  them  out  directly  along  their  length  was  meas- 
ured. Any  common  spike  was  driven  but  once,  since  it  was 
found  that  the  resistance  against  pulling  diminished  when  the 
spike  was  redriven  into  new  wood. 

The  weight  of  the  tie  before  treating,  after  treating,  and  at  the 
time  of  test  was  determined.  The  physical  characteristics  of  the 
wood,  such  as  per  cent  of  sap,  rate  of  growth,  shakes,  knots,  and 
moisture  content,  were  also  recorded. 

Impact  tests  were  made  on  certain  of  the  full-sized  ties. 

Methods  of  Test.— The  methods  of  test  were  those  standard 
in  the  Forest  Service,  which  are  fully  described  in  Circular  No.  38.* 

The  methods  of  measurement  were  precise.  Great  care  was  taken 
to  render  the  results  accurate  and  reliable.  No  measurements  or 
other  data  that  might  be  of  future  value  were  omitted. 

The  data  taken  included  the  moisture  conditions,  specific  gravity, 
rate  of  growth,  sap  and  heart,  and  in  the  case  of  full-sized  ties  the 
weight  at  various  stages,  the  defects,  such  as  knots,  checks, 
crooked  grain,  rate  of  growth  throughout  the  cross-section,  pene- 
tration of  preservative  fluid,  discoloration  due  to  steaming,  etc. 
During  the  cylinder  operations  at  St.  Louis  records  were  kept  of 
the  temperature  to  which  the  timbers  were  subjected  at  all  stages, 
the  amoimt  of  moisture  lost  or  gained,  and  the  amount  of  preserva- 
tive absorbed,  as  indicated  by  the  gross  weight  and  subsequent 
chemical  analysis  of  the  test  pieces. 

Results.— The  results  of  the  tests  in  so  far  as  they  apply  to 
zinc  chloride  treatments  are  given  in  the  accompanying  table. 
The  strength  data  are  given  in  percentage  of  the  strength  of 
similar  wckkI  steamed  for  the  same  length  of  time  at  the  same 
pressure  and  temperature. 


•Iiistractiona  to  Engineen  of  Timber  Tests,  Circular  No.  38,  Forest  Service,  U.  S. 
DepArtment  of  Agriculttire. 
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Conclusion. — The  author  drew  the  following  conclusion :  The 
presence  of  zinc  chloride  will  not  weaken  wood  under  static 
loading,  although  the  indications  are  that  the  wood  becomes 
brittle  under  impact. 

Strength  Tests  on  Green  Loblolly  Pine  Treated  with  Zinc 
Chloride  Solutions. 


Cylinder  Condition  During 
Steams. 

Strength. 

strength 

Static                        Impact. 

of  Zinc 
Chloride 
Solution. 

Period, 
Hours. 

Pressure 
lbs.  per 
Sq.ln. 

Tern- 
perature. 

Bending 
per  cent 

of 

Steamed 

Untr't'd 

Wood. 

Com- 
pression 
Parallel 
vs. 

Grain. 

Bending. 

Average 
of  8 
tests. 

Specimens  2x2  tested  immediately  after  treatment. 


2.5 
10.0 


4 

20 

249 

98.1 

107.8 

88.4 

4 

20 

266 

106.0 

112.4 

84.2 

97.9 
100.5 


Specimens  2x2  tested  air  dry. 


2.6 

4 

20 

249 

87.4 

92.8 

118.8 

98.0 

8.6 

4 

20 

246 

97.4 

96.2 

92.7 

96.1 

6.0 

4 

20 

246 

99.8 

96.7 

78.9 

91.8 

10.0 

4 

20 

266 

100.1 

100.4 

74.8 

91.8 

2.6 

S.6 

6.0 

10.0 


Specimens  2x2  treated,  dried  and  resoaked  and  then  tested. 


4 
4 

4 
4 

20 
20 
20 
20 

249 
246 
246 
266 

100.4 

99.0 

100.0 

102.0 

Ties — seasoned — ^treated,  reseasoned — ^teeted. 


2.6 


4 

20 

268 

79.7 

66.1 

68.6 

69.6 


IV.— Sampling  Creosote  Oil  in  Tank  Cars  for  Water 
Determination. 

The  Committee  received  instruction  from  the  Executive  Committee  to 
"complete  investigations  on  sampling  of  tank  cars".  This  was  under- 
stood to  refer  to  creosote  oil. 

The  investigation  of  this  subject  has  been  in  the  hands  of  a  joint  com- 
mittee since  1916»  consisting  of  representatives  of  this  Association,  the 
American  Railway  Engineering  Association,  and  the  American  Society 
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for  Testing  Materials.  The  joint  committee  submitted  an  extensive 
report  to  this  Association  last  year  (see  1920  Proceedings,  page  31). 
This  report  contained  a  reconmiendation  for  a  standard  method  of  sam- 
pling creosote  oil  in  tank  cars  where  an  excessive  amoimt  of  water  is  known 
or  suspected  of  being  present.  The  chairman  of  the  then  Conmiittee 
on  Prraervatives  recommended  that  this  method  be  accepted  as  informa- 
tion, and  made  the  request  that  the  method  be  used  by  as  many  as 
possible  during  the  year  so  that  if  experience  with  its  use  justified  it 
could  be  submitted  to  the  Association  for  adoption  as  a  standard  at  its 
next  convention. 

This  matter  was  considered  at  the  first  meeting  of  the  Conmiittee,  and 
it  was  agreed  that  the  method  of  sampling  as  recommended  last  year 
should  be  thoroughly  tried  out  at  treating  plants  receiving  oil  and  that 
data  on  actual  experience  with  its  use  should  be  collected.  To  this  end 
the  chairman  was  instructed  to  send  out  a  circular  letter  with  report 
form  attached  to  creosote  plant  operators,  requesting  them  to  give  the 
method  a  thorough  trial  and  to  report  their  experience  with  it  on  the 
blank  form  provided  for  the  purpose. 

In  compliance  with  these  instructions  the  chairman  sent  out  letters 
and  report  forms  to  a  number  of  the  larger  plant  operators.  The  issuance 
of  this  letter,  soliciting  cooperation  had  to  be  delayed,  awaiting  the 
publication  and  distribution  of  the  1920  Proceedings  in  which  was  to 
appear  the  only  available  description  and  discussion  of  the  method. 
Before  oil  consumers  could  be  asked  to  give  the  method  a  trial  it  was, 
of  course,  necessary  that  a  full  description  be  accessible  to  them.  On 
account  of  iis  length  and  the  number  of  tables  and  diagrams  it  contains, 
the  report  could  not  be  made  available  except  through  the  Proceedings. 
As  the  latter  was  not  distributed  until  late  in  October,  1920,  the  letter 
was  not  sent  out  until  November  6.  To  date  no  replies  have  been 
received,  time  being  too  short.  The  Conmiittee,  therefore,  cannot  make 
a  report  on  actual  experience  or  use  of  this  method  of  sampling  and  is  in 
no  position  to  reconmiend  its  adoption  as  a  standard. 

It  is  recommended  that  the  Committee  for  next  year  be  instructed  to 
continue  work  on  this  subject,  and  to  definitely  report  on  the  advisability 
of  adopting  this  method  of  sampling  tank  cars  as  a  standard. 

V^Vcrtlcal  Retort  Tars. 

In  view  of  the  increasing  installation  of  vertical  retorts  for  the  distilla- 
tion of  coal  in  the  manufacture  of  illuminating  gas  and  the  attendant 
increase  of  tars  from  this  source,  the  Committee  believes  that  the  Asso- 
ciation should  take  cognizance  of  this  recent  development  and  inform 
itself  of  the  possibilities  of  this  potential  source  of  preservative  oils. 
It  is  now  generally  recognized  that  the  future  development  in  coal  distilla- 
tion will  be  in  the  direction  of  low-temperature  distillation,  and  the  indica- 
tions are  that  low-temperature  tars  will  appear  on  the  market  in  yearly 
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increasing  quantities.  Such  being  the  case,  the  possibility  of  the  utiliza- 
tion of  such  tars  and  the  oil  derived  from  them  for  preservative  purposes 
cannot  be  ignored. 

Having  the  above  considerations  in  mind,  the  Committee  has  gotten 
together  as  much  information  and  data  as  were  available,  hoping  that 
a  study  of  the  material  presented  will  be  the  starting  point  for  further 
investigations  by  future  committees.  The  progress  of  this  new  develop- 
ment should  be  closely  followed  by  the  Committee  on  Preservatives  so 
that  when  this  new  source  of  preservative  material  is  produced  in  suffi- 
cient quantities  to  become  of  economic  importance,  the  Association  will 
be  in  a  position  to  adopt  a  definite  policy  as  to  its  use  as  a  suitable  and 
safe  timber  preservative. 

In  line  with  this  policy  of  preparedness,  the  Committee  has  made 
arrangement  for  a  service-test  with  vertical-retort  tar.  The  Forest 
Products  Laboratory  has  agreed  to  treat  100  ties  with  vertical-retort-tar 
oil,  and  to  place  them  in  the  cooperative  test-track  on  the  Chicago, 
Milwaukee  and  St.  Paul  Raiboad.  The  United  Gas  Improvement  Com- 
pany of  Philadelphia,  through  Mr.  W.  H.  Fulweiler,  has  agreed  to  furnish 
a  quantity  of  vertical-retort-tar  distillate,  sufficient  for  the  treatment 
of  these  ties. 

The  following  information  on  vertical-retort  tar  is  submitted  to  the 
association  as  information: 

VerticaitRetort  Tar. — At  the  present  time  the  total  daily  capacity 
of  vertical  installations  of  all  kinds,  that  is,  Glover-West,  Woodall- 
Duckham,  and  U.  G.  I.  types,  is  slightly  over  19,000,000  cu.  ft.  per  day. 
This  is  equivalent  to  a  production  of  between  9,000,000  gals.. and 
10,000,000  gals,  per  year  of  vertical-retort  tar.  With  the  existing  high 
cost  of  gas  oil,  and  the  probability  that  it  will  continue  high  for  a  number 
of  years,  a  very  considerable  number  of  plants  are  considering  the  in- 
stallation of  more  coal  gas  capacity,  and  plans  are  drawn  for  the  installa- 
tion of  86,000,000  cu.  ft.  of  vertical  retorts.  This  will  bring  up  the 
production  to  between  40,000,000  gals,  and  50,000,000  gals,  of  tar  per 
year. 

A  number  of  these  plants  would  have  been  started  this  year,  but  for 
the  fact  that  the  financial  situation  is  such  that  Public  Service  corpora- 
tions are  at  present  unable  to  borrow  money  at  anything  approaching 
reasonable  terms.  It  is  believed,  however,  that  as  soon  as  the  present 
financial  situation  has  eased  these  installations  will  be  made. 

Coke-oven  tar  in  its  general  characteristics  resembles  on  one  hand 
coke-oven  tar  and  on  the  other,  blast-furnace  tar.  Vertical-retort  tar 
is  more  fluid  that  coke-oven  tar,  and  is  comparatively  low  in  free  carbon. 
Naphthalene  is  practically  absent.  Its  tar  add  content  and  sulphonation 
residue  are  high. 

Creosote  oil  made  from  vertical-retort  tar  on  fractionation  yields 
fractions  which  fall  below  the  specific  gravity  requirements  of  the 
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A.  W.-P.  A.  specifications,  but  in  general  are  well  above  the  specific 
gravity  range  of  oil  derived  from  water-gas  tar. 

Certain  vertical-retort  tars  yield  oils  having  gravities  of  fractions][a8 
low  as  water-gas  oil.  The  latter  tars  are  unusual,  however,  and  are 
produced  in  limited  quantities. 

In  the  following  tables  analyses  of  vertical-retort  tars  and  oils  are 
shown.  Table  1  shows  the  analysis  of  tars  derived  from  3  well-known 
types  of  installation.  Table  2  shows  more  complete  analyses  of  3  sample 
of  vertical  tar.  Table  3  gives  analyses  of  distillate  creosote  oil  made 
from  the  3  tars  whose  analyses  are  shown  in  Table  2.  Table  4  shows  a 
comparison  of  vertical-retort  tars  with  water-gas  tars  as  to  specific 
gravity  of  certain  fractions. 

Table  1. — ^Analyses  of  Tars  from  Three  Types  of  Installation. 

Syitem.  Woodall  Deanu.  U.  G.  I. 

Duckham. 

Sp.  gr.  at  SSVIS-S"  C 1.1422  1.1750  1.1800 

Freecarbon 12.6%  by  wt.  26.6%  6.6% 

Unmilphonated  material 10.7      *^    "  2.8 

Dirtillatioii  to  210"  C 1.6  by  vol.  0.1  by  vol.  7.6  by  vol. 

286' C 6.3"     "  1.6    '^     "  17.5*'^    " 

816"C 22.1"     "  17.7"     "  39.0"     " 

865- C 88.0"     "  29.8"     "  60.2"     " 

Coke 81.6  "  wt.  81.8  "  wt.  28.2  "  wt. 

Tkradda 18.9  "  vol.  10.0  "  vol.  18.2  "  vol. 

Naphthalene 0.1  lb.  per  gal.     0.04  lb.  per  gal.    0.12  lb.  per  gal* 

Sp.gr..285X.-816*C.at  88V16.6-C.  0.9928  1.0866  1.0010 

Sp.gr.,815^C.-866*C.at  88V16.6*'C.  1.0284  1.0868  1.0610 
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Table  3. — ^Analyses  of  Creosote  Oils  Made  from  Vertical- 
Coal  Tars. 

ABC 


1.084 

0.06 

1.6 


1.041 


1.9 
11.4 
67.9 
90.4 


8.26 
16.04 
40.80 
61.25 


8.9 
24.0 
66.8 
88.1 


1.105 

0.10 

1.8 


Sp.ir.at88^/15/6*   C 1.092     1.040 

CSurbon,  hot  CtH« 0.07       

Coke,  per  cent  weight 1.7         

Distiuation: 

Total  oil  to  210*  C 0.82 

286'  C 8.67 

815*  C 84.20 

856»  C 52.07 

Float-test  reridue 
above  865°C.  at  70*C 81.5Min.28.6Min.  84  Min.  27.5  Min.  29  Min 

Sp.  gr..  88*/16.6-  C. 

285*C.-815'C 1.024 

816'C.-865*C 1.076 


0.85 

8.55 

25.06 

41.58 


1.081 
1.080 


1.025 
1.078 


1.028 
1.076 


1.048 


8.4 
19.4 
76.6 
96.7 


1.081 
1.078 


1.085 
1.098 


Table  4. — ^Tests  on  Vertical-Gas-Retort  Tars  in  Comparison 
WITH  Water  Tars  as  to  Specific  Gravity  of  Certain  Frac- 
tions. 


Source  of  Tar. 

Pitch 
Made. 

M.  P. 

OU 
Yield. 

Retort 
DiatiUation. 

Spedfle  Gravity  at 
88715.5°  C. 

285*  C  815"  C 

855-  C 

286*  C 
815"  C 

815*  C 
855- C 

Oil 

Vertical  Retort  No.  1 
Vertical  Retort  No.  2 

Water  Gas  No.  1  . . . 
Water  Gas  No.  2  . . . 

Water  Gas  No.  8  . . . 

Vertical  Retort  No.  8 
Vertical  Retort  No.  4 

Deg.  % 

150    40 
160    88 

150    85 
150    44 

150    88 

187    41 

62     78 

80     68 

125     68 

122     66 

% 

59 
61 

64* 
55 

66 

58 
26 
86 
46 
48    * 

% 

82 

28 

28 
16 

26 
27 

% 

71 
65 

76 
71 

77 
68 

% 

89 
84 

98 
91 

98 
98 

1.026 
1.025 

0.977 
0.970 

0.977 

1.025 
1.041 
1.014 
1.008 
1.018 

1.090 
1.091 

1.040 
1.029 

1.041 
1.091 

1.032 
1.037 

0.976 
0.988 

0.97 
1.044 

Vertical  Retort  No.  5 

1 

Vertical  Retort  No.  6 

Vertical  Retort  No.  7 

1.089 

•Distilled  in  small  works  still:  all  other  tars  distilled  in  laboratory  still. 

Conclusion. — Whfle  it  is  true  that  vertical-retort  tar  is  a  coal  tar,  and 
the  oil  made  from  it  is  a  coal-tar  creosote,  this  material  cannot  be  accepted 
as  standard  creosote  oil.  It  may  be  as  good  and  even  better,  but  its 
value  as  a  preservative  is  as  yet  unknown.  It  must  stand  on  its  own 
merits,  which  can  only  be  determined  by  actual  use  and  service  tests. 
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Summary. 

The  Committee  recommends  for  adoption  as  a  standard  and  printing 
in  the  Manual  the  Iodine-Potassium  Ferricyanide-Starch  Test  for 
determining  zinc  chloride  penetration  as  given  on  page  22. 

The  Committee  further  recommends  the  revision  of  the  Standard 
Ferrocyanide  Method  of  Analysis  as  indicated  on  page  7. 

With  the  above  exceptions  the  material  in  the  report  is  presented  as 
information. 

Future  Work. 

For  future  work  the  Committee  recommends  that  accumulation  of 
data  on  actual  experience  with  the  joint  committee  method  for  sampling 
cars  of  oil  for  water  be  completed,  and  if  the  experience  is  favorable  that 
the  method  be  proposed  for  adoption  as  a  standard. 

It  is  further  recommended  that  information  on  vertical-retort  tar 
continue  to  be  compiled. 

Alfred  L.  Kammerbr,  Chairman 

Ernest  Bateman 

F.  G.  Breyer 

S.  R,  Church 

Ti.  S.  Drefahl 

W.  H.  Fulweiler 

J.  H.  GlBBONEY 

F.  W.  Kroemer 
K.  M.  Waddell 
Galen  Wood 

RESULTS  OF   SOME   TESTS   OF   THE   EFFECT  OF   ZINC 
CHLORIDE  ON  THE  STRENGTH  OF  WOOD.* 

By  T.  R.  C.  Wilson  and  Ernest  Batenuui. 

About  6  years  ago  a  small  series  of  tests  were  undertaken  at  the 
Forest  Products  Laboratory  as  a  study  of  the  effect  of  zinc  chloride 
on  the  strength  of  timber.  The  tests  were  planned  to  include 
Douglas  fir  and  longleaf  pine.  Because  of  some  difficulties  in  se- 
curing material,  shortleaf  pine  was  to  a  large  extent  substituted 
for  longleaf.  A  small  amount  of  spruce  pine  {Pinus  glabra)  was 
used  to  fill  out  the  series. 

Material  for  treatment  and  test  was  prepared  in  the  form  of  air- 
dried  sticks  2  inches  by  2  inches  by  8  feet.  Each  of  these  sticks 
was  cut  into  a  pair  of  pieces  4  ft.  long,  one  of  which  was  treated  as 


*This  paper  was  prepared  by  T.  R.  C.  Wilson,  Engineer  in  Forest  Products, 
and  Ernest  Bateman,  Chemist  in  Forest  Products,  as  Exhibit  "C"  for  the  report 
of  Ck>mmittee  No.  4 — Preservatives. 
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described  later,  the  other  was  left  in  an  untreated  condition  and 
tested  at  the  same  time  as  the  treated  stick  to  which  it  was  paired. 

Previous  to  treatment  the  Uticks  were  divided  into  groups  ac- 
cording to  species  and  according  to  whether  they  were  heartwood 
or  sapwood.  Each  of  these  groups  was  then  divided  into  4  sub- 
groups, into  one  of  which  it  was  planned  to  inject  0.25  lb.  dry  zinc 
chloride  per  cubic  foot,  another  sub-group  0.50  lb.,  another  0.75  lb., 
and  another  1.00  pound.  In  order  to  accomplish  this  the  strength 
of  the  solution  was  varied  for  the  different  sub-groups.  This  vari- 
ation in  strength  of  the  solution  was  from  0.6%  to  3.6%.  The 
moisture  content  of  the  sticks  previous  to  treatment  averaged  from 
11%  to  18%  in  the  various  sub-groups.  Actual  average  absorp- 
tions from  0.22  lb.  to  1.11  lbs.  of  dry  salt  were  obtained.^ 

One-third  of  the  sticks  of  each  sub-group,  together  with  the  un- 
treated sticks  to  which  they  were  paired,  were  subjected  to  me- 
chanical tests  4  months  after  treatment,  one-third  1  year  after 
treatment,  and  the  remaining  one-third  5  years  subsequent  to  treat- 
ment. During  the  time  between  treatment  and  test  the  treated 
sticks  with  their  corresponding  untreated  mates  were  stored  in 
open  sheds. 

One-half  the  sticks  from  each  period  of  seasoning  from  each  sub- 
group were  tested  in  static  bending,  and  one-half  in  impact  bend- 
ing. Specimens  for  compression-parallel-to-grain  tests  were  taken 
from  each  stick.  Hardness,  compression-perpendicular-to-grain  and 
tension-perpendicular-to-grain  tests  were  also  made.  These  tests 
were  all  carried  out  in  accordance  with  standard  Forest  Service 
methods. 

Results. 

The  results  are  shown  in  charts  Figs.  1  to  11.  In  these  charts 
the  ratio  of  the  streng^th  value  of  each  treated  stick  to  the  same 
strength  value  of  the  untreated  stick  to  which  it  was  paired  is 
plotted  as  a  percentage.  These  ratios  are  plotted  vertically,  and 
the  absorption  of  dry  salt  per  cubic  foot  is  plotted  horizontally.  In 
other  words,  vertical  distance  represents  the  ratio  of  the  strength 
values  of  the  treated  stick  to  the  corresponding  untreated  stick, 
and  distance  from  the  left-hand  edge  of  the  diagram  the  amount 
of  dry  salt  per  cubic  foot  absorbed  by  the  treated  stick. 

As  will  be  noted  from  an  inspection  of  these  charts  the  data 
secured  are  somewhat  erratic.  Figs.  1  to  6,  inclusive,  agree  in  indi- 
cating that  for  a  short  time  following  treatment  (see  diagrams  for 


*A  larffc  variation  in  the  absorption  of  different  iticki  of  the  same  speoiet 
treated  in  the  same  charge  (and  consequently  subjected  to  exactly  the  same  con- 
ditions of  pressure,  temperature,  time  and  concentration  of  solution)  was  found. 
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tests  made  4  months  after  treatment)  there  is  a  relation  between 
the  amount  of  preservative  absorbed  and  the  strength  properties 
of  the  wood.  As  the  trend  of  the  points  indicates  a  decrease  of 
strengrth  properties  with  an  increase  in  the  amount  of  preservative 
absorbed,  and  as  only  a  few  of  the  points  go  above  the  100  9fc  line, 
the  conclusion  is  that  the  treated  material  is  in  general  somewhat 
weaker  than  the  untreated. 

In  Figs.  1  and  4  (modulus  of  elasticity  in  static  bending  and 
maximum  crushing  strength  in  compression-parallel-to-grain)  the 
points  representing  tests  1  year  and  tests  5  years  after  treatment 
indicate  no  relation  between  strength  values  and  amount  of  pre- 
servative absorbed,  and  since  almost  one-half  the  points  are  above 
the  100%  line  it  is  indicated  that  treated  material  is  very  little,  if 
any,  weaker  in  these  properties  than  the  untreated.  It  may  be 
said  that  there  is  apparently  a  very  slight  downward  trend  as  the 
amount  of  preservative  increases,  but  the  very  perceptible  effect 
indicated  by  the  tests  4  months  after  treatment  has  practically  dis- 
appeared. 

The  corresponding  points  in  Fig.  2  (modulus  of  rupture)  may  be 
said  to  have  a  similar  slight  downward  trend  with  increased 
amounts  of  preservative;  moreover,  quite  a  large  proportion  of 
the  points  fall  below  the  100%  lines,  indicating  that  the  weakening 
effect  had  not  entirely  disappeared. 

Fig.  3  (fiber  stress  at  elastic  limit  in  static  bending)  indicates 
that  at  the  4  months  and  5  years  periods  there  is  in  general  a 
downward  trend  to  strength  values  as  absorption  of  preservative 
increases.  This  tendency  is  scarcely  apparent  at  1  year.  The  fact 
that  a  considerable  majority  of  the  points  are  below  the  100% 
lines  is  a  strong  indication  of  weakening  in  this  property. 

In  Figs.  7  to  11  (tension-perpendicular-to-grain,  hardness,  and 
compression-perpendicular-to-grain)  it  is  impossible  to  trace  any 
relation  between  strengrth  values  and  amount  of  dry  salt  absorbed. 

Conclusions. 

The  data  shown  are,  as  has  been  pointed  out,  somewhat  erratic 
and  lacking  in  consistency.  It  is  believed,  however,  that  taken  in 
conjunction  with  the  other  data  which  are  discussed  and  referred 
to  by  the  Committee  on  Preservatives  they  justify  the  statement 
of  the  following  tentative  conclusions: 

That  for  a  short  time  subsequent  to  treatment  there  is  a  rela- 
tion between  concentration  of  preservative  (in  the  wood)  and 
strength  properties,  but  that  later  changes  take  place  which  modify 
this  relation. 
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^With  some  properties,  such  as  modulus  of  elasticity  and  maxi- 
mum crushing  strength,  the  effect  of  the  preservative  very  largely 
disappears.  In  other  cases,  such  as  those  test  values  which  are 
indicative  of  resistance  to  shock  (work  to  maximum  load  in  static 
bending  and  height  of  drop  in  impact  bending)  the  effect  of  the 
ligrhter  concentrations  increases  and  there  is  a  fairly  definite  indi- 
cation of  permanent  and  possibly  increasing  deteriorating  effect. 

The  data  are  insufficient  to  yield  information  as  to  whether 
treatment  with  zinc  chloride  differently  affects  different  species. 

Attention  is  called  to  the  fact  that  the  sticks  used  in  these  tests 
were  small  (2  inches  by  2  inches  by  4  feet),  and  quite  thorough 
penetration  of  the  solution  was  secured,  so  that  the  salt  was  quite 
uniformly  distributed  through  the  stick. 

If  in  the  commercial  treatment  of  ties  or  larger  timbers  an 
average  absorption  of  a  certain  amount  of  dry  salt,  say  Yi  lb.  per 
cubic  foot,  is  obtained  this  absorption  will  be  much  greater  than  the 
average  in  some  timbers  and  much  less  in  others.  Particularly  is 
it  to  be  expected  that  the  outer  parts  of  large  timbers  will  receive 
much  more  than  the  average  amount  of  salt,  while  the  central 
portions  may  get  little,  if  any. 

Consequently,  while  commercial  treatments  are  supposed  to 
inject  an  average  of  J4  lb.  of  dry  salt  per  cubic  foot  it  is  probable 
that  the  outer  portions  will  receive  a  much  greater  concentration. 


Digitized  by  LjOOQ IC 


84 


Seventeenth  Annual  Meeting 


^ 

^ 

^ 

T 

^  ■ 

1  TTTm- 

q- 

■■ 

T 

^ 

r—^ 

™ 

■■ 

rS 

T 

r 

« 

4^ 

i 

ps 

^ 

"%■ 

- 

-; 

ff 

2 

• 

•-- 

" 

- 

•- 

- 

«- 

» 

S 

^ 

r- 

? 

.e 

- 

- 

- 

" 

- 

- 

-- 

- 

■ 

> 

—  ^ 

rs: 

■ 

7 

tP 

-J 

^ 

, 

o« 

■ 

i 

; 

'  :  N  :  1 

n 

1  1 

^ 

! 

* 

" 

^ 

1    !        ;    i 

/v^ 

(i> 

1       '  i 

cy 

; 

( 

' 

' 

1 

1 

1  ■  ,     M 

J    .. 

1 

-   ■» 

> 

- 

•# 

•- 

-'- 

H 

-. 

v-f 

... 

- 

"1" 

- 

- 

-4 

* 

- 

e 

< 

- 

-j 

— 

- 

• 

■  1 

■      ! 

1  1 

P 

;     1 

1 

• 

1 

>    1    I    I 
Mil 

8       M 

1     \ 

' 

2 

1  , 

f « 

^1_ 

$ 

1 

1    1    1    1    i 

2     ^ 

1 

\ 

'    1        '    !        ! 

1 

•  ,  ;     1 

1  :  :  1 

^ 

:      ' 

/«■ 

! 

ri^ 

1 

<4^ 

'In    1 

J    ' 

T 

1      M 

1  1 

M 

< 

^ 

'  '  '  1 1 

- 

-- 

- 

•-» 

• 

- 

- 

r- 

- 

^- 

!r- 

-,. 

T" 

^' 

- 

- 

- 

- 

■o 

• 

- 

- 

li 

• 

- 

- 

A 

p- 

-. 

-r-r- 
,    1 

- 

-r^ 

• 

• 

- 

• 

• 

• 

' 

'h 

• 

1 

\ 

e 

** 

1 1 

— 

_ 

J 

^ 

^ 

»/ 

. 

•«!«« 

Mr 

^ 

!ir 

r  J. 

ff" 

■1 

wr 

f* 

^ 

■  t 

Hb 

Hi! 

■^ 

^ 

m         

9TAIT9G  BMNOtun 

'*'*"    l.-T*»t*tt  four  mvtfti    oft*r  rr*otmvnr. 
i.       •  oo»  j'Tcr 


m     


Digitized  by  LjOOQ IC 


American  Wood-Preservees'  Association       85 


1"   1  1  1  1  1  1  1 

_ 

^              A 

W£M0 

'VC*  Pi*** 

>gttmfPp»9 
rft9mfp0t9 

?7v                 I 

"^  •                     T 

V*;                  *« 

U> 

e     Am 

m        X 

O   'o' 

M 

• 

.  ,^  _i 

-8 

..;-,.,.^ 

^       «,    ""^t:: 

F     O 

'»!« 

^  fcS^^!3 

e 

^^^    '^'^^^^X 

*           *   **  "^2* 

^^  .       ^^-5. 

D 

"^  ■*■ 

-/i\ 

/*\ 

2      a 

-w 

T 

8 

5  .                  - 

1           -«     *       - 

•       1 

1  ,..^^. ._.... 

-3i---— -■ 

..  i3 

J).. 

[4» 

S^-iVs-ij;-.--  : 

8  ^         • 

*~* 

«                       •     _ 

■5 

s 

i  " 

!  -               - 

:  •" 

..  ,4 

__ 

• 

^ 

-/i\ 

/*v-                ; 

■ 

-^     ^ 

T 

0 

e 

"•-, 

-..,.-„.... 

«  ~    o         "    oo 

M 

b«^ 

^ 

o 

c      ^      r* 

_g 

*■ 

, 

_r 

" 

^ 

<•  J                   d^aom^riom  o*  •» 

r  s^r 

t»  0<m 

c«*'r           "0* 

/-itfitr  9TmMS9  AT  rLAtne  umr       MAMMHm  cmu9HNm  srmra^rM 


m 


m 


STATiG  mgttmfm  CO^^^^SSiON  PAmAU,€L  TO  omAtfi 

M07t'^    r#a''#^   'eve  m9f»rtn   ufr^r  frtcrmtnr  *JS?^?^ 

■i  ^>9m  f—r» 


Digitized  by  LjOOQ IC 


86 


Seventeenth  Annual  Meeting 


HttOMT  OF  PifO^ 


I  -  Ttmrea  ^ovr  monrAs  ofrtr  rrwatintnt 


woma  TO  mAxumim  loao 
STArw''mmoi9m 


Digitized  by  LjOOQ IC 


American  Wood-Preservers'  Association       87 


Digitized  by  LjOOQ IC 


88  Seventeenth  Annual  Meeting 


KNO  HAmOMKSS  SiDg  HAmONnt 


nmmm  srm&ms  jtr£LAsrtc  iJMrr 

Oft*    for 


Digitized  by  LjOOQ IC 


American  Wood-Preservees'  Association       89 

the  effect  of  the  zinc  chloride  process  of 

preservation  on  thfe  strength  of 

structural  timber.* 

By  H.  B.  Luther, 

Assistcmt  Prafessor  of  Civil  Engineervng,  Massachusetts  Institute 
of  Technology. 

Foreword. 

It  is  well  kno'Wn  that  various  chemical  preservatives  with  which 
timber  is  treated  to  prevent  rot  have  an  effect  on  some  of  the  physi- 
cal properties  of  the  timber.  As  the  need  of  a  preservative  is  in 
large  part  due  to  the  high  cost  of  replacing  timbers  after  they 
have  deteriorated,  the  prevention  of  rot  at  the  cost  of  a  certain 
amount  of  strength  is  of  undoubted  value,  but  it  is  important  to 
know  under  what  conditions  the  reduction  of  strength  due  to  a 
given  preservative  may  be  too  rapid  or  too  marked  to  make  its  use 
feasible.  The  study  of  this  problem  of  the  proper  limiting  con- 
ditions for  the  use  of  the  Burnett,  or  zinc  chloride  process  has  been 
the  object  of  the  investigations  reported  herein.  The  work  was 
undertaken  in  the  Department  of  Civil  Engineering  at  the  Massa- 
chusetts Institute  of  Technology  as  the  result  of  a  suggestion  made 
by  Mr.  F.  J.  Hoxie,  Engineer  for  the  Associated  Factory  Mutual 
Fire  Insurance  Companies,  who,  in  a  letter  of  April  1,  1914,  to 
Prof.  C.  M.  Spofford,  stated: 

"It  is  desirable  to  know  just  what  effect  chloride 
of  zinc  as  commonly  used  for  timber  preservation  has 
on  the  strength  of  wood." 

The  investigations  were  carried  out  during  1915  to  1918  as  thesis 
work  in  the  senior  year  by  the  following  Technology  students  :t 
Alfred  H.  Clarke,      ....    Class  of  1915. 
Thomas  W.  Little,  -        -        -        -  "      "    1916. 

Herman  L.  Rogers,    ----""    1917. 
Albert  Haertlein.    -        -        -        -  "      "   1918. 

These  tests  were  confined  to  specimens  of  loblolly  sapwood  of 
2  ins.  X  2  ins.  x  30  ins.  size  and  the  treatment,  while  in  commercial 
quantity,  was  made  by  immersion  in  a  cold  solution  and  in  no  case 
by  the  pressure  process,  so  that  some  further  studies  may  well  be 
deemed  feasible.    On  the  other  hand,  the  tests  were  ably  conducted, 


*This  paper  was  submitted  as  a  part  (Exhibit  B)  of  the  Report  of  Committee 
Vo.  A — Preservatives. 

tThese  men  worked  under  the  supervision  of  Prof.  J.  M.  Barker,  who  took  a 
ffreat  interest  in  the  work  and  was  largely  responsible  for  the  manner  in  which 
the  experiments  wer«  carried  out. 
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the  effect  of  time  and  temperature  were  studied  and  certain  im- 
portant conclusions  seem  defmitely  established  so  that  it  is  highly 
desirable  to  present  a  resume'  of  these  tests  for  the  benefit  of  those 
interested  in  the  use  of  this  wood  preservative  and  as  a  valuable 
contribution  toward  the  subject  in  connection  with  such  further 
studies  as  other  investigators  may  undertake. 

Summary. 

The  problem  was  considered  to  be  concerned  chiefly  with  the 
physical  changes  in  the  treated  timber  in  rooms  at  varying  temper- 
atures and  after  some  length  of  time.  For  this  reason  specimens 
were  chosen  in  2  series-blanks,  or  untreated  test  specimens,  and 
impreg:nated  test  specimens,  there  being  a  blank  for  each  treated 
specimen,  taken  from  the  same  original  stick.  Each  specimen  was 
marked  with  an  identification  mark  to  indicate  what  stick  it  came 
from  and  what  treatment  was  given.  The  specimens  were  stored 
in  a  group  in  the  comer  of  the  laboratory  at  room  temperature  and 
in  ovens  which  were  kept  continuously  at  100**  F.  and  150*  F., 
respectively,  and  a  record  of  the  humidity  in  these  storage  rooms 
was  kept. 

At  periods  varying  from  3  months  to  2  years,  groups  of  from  6 
to  10  specimens  of  both  the  blanks  and  treated  pieces  were  tested 
in  direct  compression  and  in  cross-bending  to  determine  the  differ- 
ence in  the  strength  of  the  treated  and  untreated  specimens. 

In  all,  118  specimens  were  tested,  grouped  as  follows: 


Number  of 

Lenffth  of 

Temperature  of 
Storage  Room. 
(Fahrenheit.) 

Humidity  of 

Specimens. 

Time  Stored. 

Storage  Room. 

10  Treated 

1  year 

Room   Temp.    (75*  -f  ) 

9  Untreated 

1     •• 

fl                     M 

10  Treated 

2  years 

It                     »» 

10  Untreated 

2     " 

'*                     " 

7  Treated 

1  year 

100" 

80% 

7  Untreated 

1     •• 

100 

80 

9  Untreated 

2  years 

100 

80 

9  Untreated 

2    •• 

100 

80 

10  Treated 

8  months 

160 

10  Untreated 

8       " 

160 

11  Treated 

1  year 

150 

10  Untreated 

1     " 

160 

8  Treated 

2  years 

160 

8  Untreated 

2     •• 

160 

The  results  of  these  tests,  as  indicated  in  plots,  are  summarized 
thus: 

(1)  For  the  specimens  stored  at  75**F.: 

No  appreciable  difference  in  strength  between  the 
treated  and  untreated  timbers. 
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(2)  For  those  stored  at  100**  F.: 

In  compression  parallel  to  the  grain,  a  decrease 
3.5%  in  treated  specimens;  in  cross-bending,  a 
decrease  of  17.6%. 

(3)  For  those  stored  at  150**  F.: 

In  compression  parallel  to  the  grain,  a  decrease  of 
20.6%  in  the  treated  specimens;  in  cross-bend- 
ing, a  decrease  of  49%. 

Conclusions. — These  results  lead  to  the  following  conclusions: 

(1)  Zinc  chloride,  when  used  as  a  preservative,  de- 
creases the  strength  of  timbers  subjected  to  relatively 
high  temperatures.  The  deteriorating  effect  is  likely 
to  be  very  marked  when  extreme  conditions  of  heat 
are  encountered.  Furthermore,  the  deterioration  is 
continuous,  for  several  years,  at  least. 

(2)  There  is  a  safe  temperature  below  which  the 
effect  of  the  zinc  chloride  is  negligible.  This  limiting 
temperature  cannot  be  definitely  fixed  from  the  infor- 
mation now  at  hand,  but  is  somewhat  higher  than 
75°  F.,  although  the  deteriorating  effect  is  marked 
when  the  temperature  is  100**  F. 

A  description  of  the  methods  and  apparatus  employed,  and  a 
complete  resume'  of  the  tests  are  given  in  order  that  the  validity 
of  the  conclusions  may  be  studied  and  important  information  not 
properly  digested  in  this  paper  may  still  be  available  to  its  readers. 

Choice  of  Specimens  and  Method  of  Marking  Them. 

Sapwood  is  that  first  attacked  by  fungus  growths,  and  hence 
first  in  the  need  of  preservative  treatment.  Also  sapwood  is  much 
more  absorptive  than  heartwood,  and  takes  up  the  treating  fluid 
more  easily.  For  this  reason  a  choice  was  made  of  North  Caro- 
lina pine,  a  loblolly  which  was  easily  obtained  in  pieces  entirely  of 
sapwood  and  clear  of  defects.  A  size  of  2  ins.  x  2  ins.  x  30  ins. 
was  chosen  as  convenient  for  the  specimens  and,  in  general,  the 
plan  was  to  use  6  to  10  of  these  specimens,  carefully  prepared,  for 
any  one  type  of  test. 

Specimens  Nos.  1  to  3  were  prepared  by  Mr.  Clarke,  in  March, 
1915,  and  Nos.  4  to  10  by  Mr.  Little,  in  November,  1915.  [Mr. 
Clarke  reports  that  his  timber  was  purchased  from  the  Wyman- 
Allen  Lumber  Company,  of  Charlestown,  and  in  size  the  pieces  were 
originally:  2  2  ins.  x  8%  ins.  x  16  ft.;  3  2  ins.  x  8  ins.  x  16  ft.  One 
face  of  stick  No.  2  was  nearly  all  heartwood,  but  the  other  two 
sticks  were  entirely  sapwood  and  in  all  cases  were  free  from 
defects.] 

Test  specimens  2  ins.  x  2  ins.  x  30  ins.  were  cut  from  the  sticks 
and  were  numbered  with  the  number  of  the  stick  and  an  individual 
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specimen  number  and  were  marked  "a,"  "b"  or  "c,"  according  to 
whether  they  were  used  for  an  original  absorption  test,  were  left 
untreated,  or  were  treated  with  the  zinc  chloride  solution.  Later 
the  specimens  were  marked  with  a  subscript  1,  when  stored  at 
160**  F.;  2,  when  stored  at  100"  F.;  or  3,  when  stored  at  room 
temperature.  Thus  a  test-piece  marked  5-9-Ct  was  the  ninth 
test-piece  of  timber  No.  5,  was  impregnated  and  was  stored  at  room 
temperature. 

Study  of  Effect  of  Concentrated  Solution. 

In  order  to  determine  how  seriously  a  strong  solution  of  zinc 
chloride  might  affect  wood,  a  couple  of  specimens  of  loblolly  sap- 
wood,  %  in.  X  J^  in.  in  cross-section  and  7H  ins.  long,  were  placed 
upright  in  a  strong  solution  of  zinc  chloride  and  kept  at  150**  F.  for 
a  week.  They  stood  on  one  end  in  about  3  inches  of  the  solution 
in  an  open-glass  jar.  About  the  top  of  the  jar  a  paper  was  tied 
loosely,  and  the  sticks  protruded  through  it.  After  having  been 
kept  at  150°  F.  for  a  couple  of  days,  it  was  noticed  the  wood  had 
drawn  the  solution  up  above  the  top  of  the  jar,  and  that  Yt  inch 
above  the  paper  covering  there  was  a  discoloration  progressing. 
Gradually  the  fiber  of  the  wood  was  destroyed  at  this  point,  and 
twa  days  later  the  sticks  had  no  strength  and  were  bending  under 
their  own  weight. 

The  water,  of  course,  evaporated  from  the  solution,  but  the  jar 
was  twice  refilled.  The  disintegn^ation  of  the  wood  continued,  and 
it  became  as  black  as  charcoal  just  above  the  paper  covering  of  the 
jar.  At  the  end  of  a  week,  all  the  water  meanwhile  having  evapo- 
rated, the  sticks  were  found  to  have  turned  entirely  black  through- 
out their  length,  and  had  a  decided  charcoal  appearance  when 
dry.  The  wood  was  brittle  and  showed  every  evidence  of  a  partial 
oxidation.  This  test  was  extreme  as  no  such  concentrated  solution 
is  used  commercially,  but  it  is  of  interest  as  indicating  the  chemical 
activity  of  the  zinc  chloride  on  timber. 

Method  of  Impregnation  of  the  Treated  Specimens. 

In  commercial  plants  the  timber  is  impregnated  either  by  press- 
ure in  closed  retorts,  or  by  dipping  in  hot  liquid  in  an  open  tank. 
In  either  case  the  timber  is  first  steamed  to  drive  out  moisture, 
which  in  the  second  stage  of  the  process  is  supplanted  by  the  zinc 
chloride  solution. 

In  order  to  eliminate  any  possibility  of  injury  to  the  wood  by 
heat  in  connection  with  the  treatment  for  this  study,  it  was  decided 
to  impregnate  the  test-specimens  by  immersion  in  cold  liquid  at 
atmospheric  pressure. 
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Showing  (full  size) 

(a)  Small  specimen  attacked  by  strong  solution  of  zinc  chloride  at  150^  F.  in 
1  week's  time. 

(b)  Small  soecimen  impregnated  with  20%  solution  zinc  chloride  and  sub- 
jected to  150"*  F.  for  1  week. 

(c)  Sections  of  typical  specimens.  Nos.  8-2  and  8-16  have  been  treated  with 
sine  chk>ride  4%  solution.  Nos.  8-S  and  8-8  being  blanks.  Ail  stored  at  160"  F. 
for  40  days. 

(Notice  penetration  of  discoloration  around  edges  of  treated  specimens.) 
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The  sapwood  specimens  proved  very  satisfactory  as  they  ab- 
sorbed the  desired  amount  of  the  salt  (by  weight)  within  a  reason- 
able time,  without  necessitating  the  use  of  so  strong  a  solution  as 
to  be  dangerous. 

The  amount  of  zinc  chloride  commonly  used  is  Yi  lb.  dry  to  a 
cubic  foot  of  timber,  and  care  was  taken  throughout  these  studies 
to  obtain  this  same  amount  of  impreg:nation.  Commercially,  a 
1.5%  to  2%  solution  is  used,  but  in  the  preparation  of  these  test- 
sf  ecimens  a  4%  cold  bath  was  employed. 

Before  the  treatment  of  the  regular  test-specimens  some  random 
specimens  were  selected  and  subjected  to  an  absorption  test  in 
order  to  determine  the  proper  treatment  to  obtain  the  %  lb.  per 
cubic  foot.    The  data  from  these  tests  are  given  elsewhere. 

The  volume  of  a  2  in.  x  2  in.  x  30  in.  piece  is  0.07  cu.  ft.  Eight 
ounces  of  salt  per  cubic  foot  is  desired. 

8  X    07 

q/     —14;  therefore  14  ozs.  of  4%  solution  is  needed  to  give 

the  proper  impregnation  in  one  of  these  specimens.     In  general, 
about  5  days'  immersion  was  necessary  for  this. 

Storage  and  Storage  Apparatus. 

It  was  assumed  that  in  ordinary  factory  buildings,  where  timber 
treated  with  zinc  chloride  would  be  most  commonly  used,  the  range 
of  temperature  is  not  very  great,  presumably  from  60°  F.  to 
100**  F.,  with  a  higher  temperature  near  steam-pipes  and  bcilers. 
The  specimens  were,  therefore,  stored  at  room  temperature  in  the 
laboratory  at  the  Massachusetts  Institute  of  Technology,  which 
gave  an  average  temperature  of  76**  F.,  and  in  ovens,  one  of  which 
was  kept  at  100**  F.,  and  the  other  at  160**  F. 

The  humidity  in  the  oven  at  150**  F.  averaged  about  11%;  in 
the  oven  at  100**  F.  it  averaged  30%,  and  in  the  part  of  the  labora- 
tory where  the  specimens  were  stored  in  the  open,  it  averagfed 
about  42%. 

The  ovens  used  for  storage  were  constructed  for  this  particular 
work,  and  are  described  in  the  following  paragraphs: 

Oven  No.  1. — The  oven  which  was  used  for  storage  at  ISO**  F. 
is  a  double-walled,  rectangular  box,  3  f t.  x  3  ft.-6  ins.  x  3  f t.-lO  ins., 
inside  measurement.  The  top,  bottom  and  walls  are  of  %  in. 
matched  flooring,  and  built  of  2  layers,  separated  by  a  2-in.  space 
filled  with  saw-dust.  A  door,  the  full  size  of  one  end,  admits  the 
placing  and  removal  of  specimens  which  are  stacked  on  a  frame- 
work allowing  12  ins.  clear  space  beneath  the  pile  of  specimens 
and  6  ins.  around  and  over  the  top. 
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Heat  is  supplied  by  electric  lamps  in  9  sockets  in  the  floor,  so 
spaced  as  to  be  in  the  center  of  equal  areas  of  floor  space.  Two 
circuits  are  provided,  1  leading  direct  from  the  mains  supplies 
heat  at  all  times,  the  other  runs  from  the  mains  through  a  relay 


Oven   No.   1. 

switch,  actuated  by  a  battery  circuit  controlled  by  a  thermostat. 
In  the  relay  circuit  are  4  lamps;  in  the  other,  the  remaining  5. 
By  this  division  of  the  current  it  is  possible  to  provide  power 
enough  by  the  main  circuit  to  overcome  losses  by  radiation  for 
the  normal  number  of  degrees  difference  between  room  and  cabinet 
temperatures,  and  in  case  of  fluctuation  below  the  normal  room 
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temperature,  the  thermostat  is  arranged  to  turn  on  additional 
power.  It  was  found  that  the  heat  lost  by  radiation  is  about  4.5 
B.  t.  u.  per  square  foot  of  area  per  24  hours  per  degree  difference 
in  temperature. 

The  thermostat  used  consists  merely  of  a  gutta-percha-brass 
thermometer  with  proper  electrical  contacts.  The  relay  is  an 
ordinary  telegraphic  relay  remodelled  to  provide  greater  breaking 
distance  and  contact  area  by  the  lengthening  out  of  the  moving 
arm  and  the  fixture  thereon  of  carbon  poles.  It  is  enclosed  in  a 
fireproof  asbestos  box,  and  is  operated  by  current  from  the  light- 
ing circuit  protected  by  the  resistance  of  2  30-watt  lamps  in  series. 

No  attempt  was  made  to  control  the  humidity  in  this  oven,  but  a 
jar  of  open  water  was  kept  constantly  in  it  while  specimens  were 
stored  and  measurements  indicated  a  practically  constant  condition 
of  10%  to  12%  relative  humidity. 

Oven  No.  2. — This  oven  was  constructed  in  1915  and  used  for 
storing  specimens  at  a  constant  temperature  of  100**  F.  The  rela- 
tive humidity  within  this  oven  remained  practically  constant  at 
about  30%. 

This  oven  is  a  stiff,  iron  box,  3  ft.  high,  3  ft.  deep  and  2  ft.  wide. 
One  of  the  ends  is  detachable,  being  held  in  place  by  a  tight-fitting 
flange  which  fits  inside  the  end  of  the  oven,  and  serves  as  a  door. 
The  oven  and  door  are  insulated  against  heat  by  a  2-in.  layer  of 
hair-felt,  the  whole  being  kept  in  place  by  a  neat  exterior  covering 
of  canvas.  The  interior  surface  of  the  oven  is  the  sheet  iron  itself. 
The  capacity  is  about  65  2  in.  x  2  in.  x  30  in.  specimens,  which  are 
supported  by  a  wooden  frame  which  allows  about  a  foot  of  clear 
space  below  the  pile  of  sticks. 

Heat  is  supplied  by  means  of  4  100-watt  electric  lamps  in  sockets 
near  the  corners  of  the  floor.  Normally  these  lamps  are  con- 
nected in  series  giving  a  total  of  about  25  watts.  If  for  any  reason 
the  temperature  in  the  oven  falls  below  100°  F.,  the  thermostat, 
mounted  upon  the  wall,  closes  a  connection  which  short-circuits 
the  current  through  only  1  of  the  lamps,  this  giving  the  heat 
equivalent  of  100  watts.  This  causes  a  rise  in  the  oven  tempera- 
ture, and  when  100"*  F.  is  again  reached,  the  thermostat  opens  and 
thereby  throws  all  4  lamps  in  service  again,  cutting  down  the 
power  to  25  watts. 

The  thermostat  in  oven  No.  2  consists  merely  of  an  ordinary 
gutta-percha-brass  thermometer  with  proper  electrical  contacts. 

The  humidity  was  maintained  constant  by  keeping  a  jar  filled 
with  water  in  the  oven  and  measurements  indicated  about  30% 
relative  humidity. 
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Oven   No.   2. 

Physical  Tests  and  Apparatus  Used. 

The  physical  tests  made  upon  the  specimens  were  3  in  number, 
and  covered  the  following  determinations: 

(1)  The  strength  in  cross-bending  as  measured  by 
the  modulus  of  rupture. 

(2)  The  strength  in  compression  parallel  to  the 
grain,  as  measured  by  the  breaking  load  in  pounds 
per  square  inch. 

(3)  The  moisture  content,  measured  as  a  percent- 
age of  the  dry  weight  of  the  specimen. 

The  results  of  the  first  2  tests  were  reduced  to  a  common  mois- 
ture content,  the  correction  being  applied  only  to  the  average  re- 
sult from  a  set  of  specimens. 
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The  cross-bending  tests  were  made  upon  a  ''cast-iron  arbitra- 
tion bar"  machine.  The  end  supports  were  set  28  ins.  apart,  and 
the  load  was  applied  at  the  center  at  the  rate  of  500  lbs.  per 
minute. 

The  tests  in  compression  parallel  to  the  grain  were  made  upon 
pieces  4  ins.  in  length,  cut  from  the  uninjured  portions  of  the 
sticks  which  had  been  broken  in  bending.  In  sawing  these  blocks 
great  care  was  taken  to  have  the  ends  square  and  parallel.  These 
pieces  were  then  compressed  to  destruction,  parallel  to  the  grain, 
in  a  100,000-lb.  Olsen  testing  machine;  the  slowest  speed  of  the 
machine  was  used  in  loading,  the  application  of  the  load  being  at 
the  rate  of  about  15,000  lbs.  per  minute. 

After  breaking  each  specimen  in  cross-bending,  a  section  about 
^  in.  thick  was  cut  as  near  the  section  of  failure  as  possible,  and 
weighed.  These  sections  were  then  heated  to  212®  F.  at  atmos- 
pheric pressure,  till  a  constant  weight  was  reached.  The  moisture 
content  was  then  figured  as  a  percentage  of  the  dry  weight. 

Microscopic  Studies. 

In  1916  Mr.  Little  made  certain  microscopic  studies,  which,  while 
they  have  never  furnished  any  definite  conclusions,  may  be  of 
interest  to  those  versed  in  microscopy;  therefore,  the  microphoto- 
graphs  are  printed,  and  his  description  of  the  work  given  herewith : 

The  specimens  were  small  pieces  about  %  in.  by 
^  in.  by  1  in.  cut  with  a  jack-knife  from  the  standard 
specimen.  These  were  taken  from  6  sticks  in  oven 
No.  1  (Nos.  2-19,  2-18,  1-4,  1-3,  7-10,  8-10),  2  in  oven 
No.  2  (6-20,  9-20)  and  2  from  the  small  piece  which 
Mr.  Clarke  treated  with  20%  solution  zinc  chloride 
and  stored  in  oven  No.  1  (known  herein  as  A-20%). 
This  selection  gave  a  representative  set  of  samples. 
From  these  samples.  31  slides  were  prepared. 

The  most  successful  slides  were  prepared  as  fol- 
lows: The  samples  were  first  soaked  in  melted  par- 
affin to  soften  them  and  furnish  a  supporting  matrix 
about  the  fibers.  Sections  were  then  cut,  both  longi- 
tudinally and  across  the  grain,  by  hand,  with  new 
Gillette  razor  blades. 

These  sections  could  be  cut  extremely  thin,  without 
tearing,  if  proper  care  was  used.  The  sections  were 
then  soaked  for  about  10  minutes  in  absolute  alcohol  to 
remove  the  water,  and  were  then  immersed  for  an 
equal  period  of  time  in  xylene,  to  clear  them.  They 
were  then  mounted  in  the  usual  manner  in  a  drop  of 
Canada  balsam  on  a  glass  slide,  and  covered  with  a 
standard  cover-glass. 

The  microphotographs  were  taken  at  night  with  a 
microscope  fitted  with  a  camera  bellows  and  a  4  in.  by 
5  in.  plate-holder.  Transmitted  light  was  used,  sup- 
plied by  a  small  electric  arc,  and  made  monochromatic 
by  passage  through  a  green  glass  filter.    The  exposure 
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was  determined  by  trial,  and  varied  from  30  seconds 
to  5  minutes.  The  microscope  was  used  with  an  objec- 
tive of  16  m.m.  focal  length,  giving  a  magnification  on 
the  negative  of  about  75  diameters. 


"A-20%" 
Small  Specimens  Treated  with  20%  Solution   Zinc  Chloride  and  Stored   1   Year 
at  160*  F.  and  11%  R.  H. 
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6-20-C.2 
Treated.  Stored  4  Months  at  100^  F.  and  80%  R.  H. 


9-20-b-2 
Untreated,  Stored  4  Months  at  100*  F.  and  80%  R.  H. 
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1-4-c, 
Treated.  Stored   1   Year  at  150"   F.  and  11%  R.   H. 


1-3-b. 
Untreated.  Stored  1  Year  at  150"  F.  and  11%  R.  H. 
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2-19-c. 
Treated,  Stored  1  Year  at  150^  F.  and  11%  R.  H. 


2.18-c^ 
Untreated,   Stored   1   Year  at   150*   F.   and   11%  R.   H. 
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8-lO-b. 
Untreated.  Stored  8  Months  at  150"  F.  and  117c  R.  H. 


7-10-c, 
Treated.  Stored  8  Months  at  150"  F.  and  11%  R.  H. 
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2-19-c, 
Treated.  Stored  1  Year  at  150-  F.  and  11%  R.  H. 


2.18-b. 
Untreated,    Stored   1   Year   at    150*    F.    and   11%   R.    H. 
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Descriptions  of  Individual  Tests. — The  following  descriptions 
of  the  individual  tests  are  preisented  substantialljr  as  reported  by 
the  students  who  carried  out  the  tests  themselves.  The  data  are 
given  in  tabulated  form  in  another  section,  but  these  descriptions 
give  some  detail  about  the  appearance  of  the  specimens,  the  man- 
ner of  failure  so  far  as  could  be  observed,  and  any  special  informa- 
tion necessary  concerning  the  working  out  of  results. 

Report  on  Tests  of  Specimens  Stored  at  76""  F.  for  One  Year. 

Procedure. — On  March  24,  1917,  19  specimens  were  broken  in 
cross-bending  and  in  compression  parallel  to  the  grain,  and  their 
moisture  content  was  determined.  These  specimens  had  been  stored 
for  16  months  at  room  temperature,  about  76**  F,  and  about  40% 
relative  humidity. 

Results. — The  average  moisture  content  of  the  treated  sticks 
was  7.9%;  of  the  untreated  sticks,  5.8%. 

The  average  modulus  of  rupture  of  the  blanks  was  18.936  lbs. 
per  square  inch,  while  that  of  the  treated  sticks  was  19,018  lbs. 
per  square  inch,  or  0.43%  greater. 

The  unit-breaking  load,  in  compression  parallel  to  the  grain, 
was  10,529  lbs.  per  square  inch  for  the  blanks  and  9,122  lbs.  per 
square  inch  for  the  treated  sticks,  13.3%  less. 

All  specimens  failed  in  tension,  but  the  treated  sticks  were  very 
brittle  compared  to  the  others,  and  showed  a  tendency  to  break 
suddenly  and  splinter  badly. 

The  treated  sticks  were  of  somewhat  darker  color  than  the  others. 

Report  on  Tests  of  Specimens  Stored  at  Room  Temperature 
(about  76°  F.)  for  Two  Years. 

Purpose  and  Procedure. — On  March  20,  1918,  20  specimens 
were  broken  in  bending  and  compression  parallel  to  the  grain,  and 
their  moisture  content  determined.  These  specimens  had  been 
stored  at  room  temperature  (about  76"  F.)  for  a  period  of  2  years. 
Ten  of  these  specimens  had  been  treated  with  a  4%  solution  of 
zinc  chloride  at  the  rate  of  Yz  lb.  dry  zinc  chloride  per  cubic  foot 
of  wood. 

Results. — The  average  moisture  content  of  the  treated  speci- 
mens was  5.61%;  that  of  the  untreated  sticks,  3.71%.  This  dif- 
ference made  necessary  the  application  of  a  correction  factor  in 
making  comparisons  of  relative  strength. 

The  strength  of  the  treated  specimens  was  16.180  x  1.14  =  18,400 
lbs.  per  square  inch;  that  of  the  untreated,  18,360  lbs.  per  square 
inch  in  cross-bending. 

The  strength  of  the  treated  specimens  in  compression  parallel 
to  the  grain  was  11,900  lbs.  per  square  inch;  that  of  the  untreated 
specimens  was  11,9810  per  square  inch. 
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Conclusions. — These  results  show  that  the  treatment  of  timber 
with  a  4%  solution  of  zinc  chloride  at  the  rate  of  Yz  lb.  zinc  chloride 
per  cubic  foot  of  wood  has  little  or  no  effect  on  the  strength  of  the 
wood  neither  in  bending  nor  in  compression  parallel  to  the  grain. 

Appearance  of  Specimens — One  could  not  tell  by  eye  which 
specimens  had  been  treated  and  which  had  not. 

Report  on  Tests  of  Specimens  Stored  at  IOC*  F.  for  One  Year. 

Procedure. — On  April  17,  1917,  14  specimens  were  broken  in 
cross-bending  and  in  compression  parallel  to  the  grain,  and  their 
moisture  content  was  determined.  These  specimens  had  been  stored 
for  a  year  at  100**  F.  and  about  30%  relative  humidity.  Seven  of 
the  specimens  were  treated  and  7  were  blanks. 

Results. — The  average  moisture  content  of  the  treated  sticks 
was  5.1%;  of  the  untreated  sticks,  4.3%. 

Average  modulus  of  rupture  of  the  blanks  was  18,766  lbs.  per 
square  inch,  while  that  of  the  treated  sticks  was  17,892  lbs.  per 
square  inch,  or  4.7%  less. 

The  unit-breaking  load,  in  compression  parallel  to  the  grain,  was 
9,950  lbs.  per  square  inch  for  the  blanks,  and  10,136  lbs.  per  square 
inch,  or  1.8%  more,  for  the  treated  sticks. 

The  untreated  sticks  all  failed  in  tension.  Four  of  the  treated 
sticks  failed  in  longitudinal  shear,  the  failure  of  all  7  was  more 
sudden  and  complete  than  that  of  the  untreated  sticks. 

Both  treated  and  untreated  sticks  retained  the  natural  color  of 
the  wood,  but  the  sections  used  for  moisture  determination  showed 
a  distinct  darkening  in  the  case  of  treated  specimens  after  the 
moisture  had  been  driven  off  at  212°  F. 

Report  on  Tests  of  Specimens  Stored  at  100°  F.  for  Two  Years. 

Purpose  and  Procedure. — On  April  8,  1918,  18  specimens  were 
broken  in  bending  and  compression  parallel  to  the  grain,  and  their 
moisture  content  was  determined.  These  specimens  had  been  stored 
at  100°  F.  for  2  years  at  a  relative  humidity  of  about  30%.  Nine 
of  these  specimens  had  been  treated  with  a  4%  solution  of  zinc 
chloride  at  the  rate  of  Yi  lb.  dry  zinc  chloride  per  cubic  foot  of 
wood. 

Results. — The  average  moisture  content  of  the  treated  speci- 
mens is  3.58% ;  that  of  the  untreated  sticks,  3.10%.  This  difference 
is  large  enough  to  make  necessary  a  reduction  of  strength  to  the 
same  moisture  content.  This  reduction  is  applied  to  the  averages 
and  not  to  the  individuals.  It  is  made  in  accordance  with  the  re- 
sults obtained  by  Mr.  H.  D.  Tieman  of  the  U.  S.  Forest  Service.* 

•H.  D.  Tieman.  "Eflfect  of  Moisture  Upon  the  Strength  and  Stiffness  of  Wood,** 
Forest  Service  Bulletin  No.  70,  U.  S   Department  of  ARriculture. 
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The  strength  of  the  treated  specimens  in  cross-bending  was 
14,400  lbs.  per  square  inch,  (corrected  for  moisture) ;  that  of  the  un- 
treated was  17,500  lbs.  per  square  inch.  The  strength  of  the  treated 
specimens   is   17.6%   lower  than  the  untreated  in  cross-bending. 

The  strength  of  the  treated  specimens  in  compression  parallel 
to  the  grain  was  12,650  lbs.  per  square  inch;  that  of  the  untreated, 
13,100  lbs.  per  square  inch,  the  treated  specimens  being  3.5%  less. 

Conclusions. — The  results  show  that  the  zinc  chloride  tends  to 
reduce  the  strength  of  wood  stored  at  100°  F.  considerably  in  cross- 
bending  and  slightly  in  compression  parallel  to  the  grain. 

Appearance  op  Specimens. — The  untreated  specimens  had  prac- 
tically the  original  color  of  the  wood. 

The  treated  specimens  were  discolored.  The  color  is  very  dark 
brown.  They  are  also  much  more  brittle  than  the  untreated 
specimens. 

Report  on  Tests  of  Specimens  Stored  at  ISC'  F.  for  40  Days. 

In  order  to  make  a  trial  of  the  methods  proposed  for  future  tests, 
it  was  decided  to  conduct  a  run  at  150''  F.  for  as  long  a  time  as 
possible  this  year.  Accordingly  an  insulated  cabinet  was  con- 
structed, with  the  necessary  heating  apparatus,  a  series  of  speci- 
mens was  impregnated  with  a  4%  solution  of  zinc  chloride  salt  as 
received  from  the  manufacturer,  and  with  a  corresponding  series 
of  blanks  or  control  specimens  were  subjected  for  40  days  to  150°  F. 
Nineteen  sticks  of  each  kind  were  placed  in  the  cabinet. 

At  the  end  of  the  40-day  period,  5  of  each  series  were  removed 
and  broken  by  cross-bending  to  determine  their  modulus  of  rupture. 
The  moisture  content  was  also  taken.  The  remaining  sticks  were 
left  in  the  cabinet  at  the  same  temperature. 

The  average  moisture  content  of  both  series  of  5  specimens  was 
found  to  be  2%.  The  average  modulus  of  rupture  of  the  blanks  was 
13,700  lbs.  per  square  inch,  while  that  of  the  treated  specimens 
was  17%  less,  or  11,300  lbs.  per  square  inch. 

From  these  results  we  conclude  merely  that  a  weakness  in  the 
treated  timber  may  confidently  be  expected,  and  that  the  tests 
should  be  continued  and  extended  till  all  the  factors  entering  into 
such  deterioration  are  known.  The  number  of  tests  made  are  too 
few  to  place  great  reliance  upon,  though  with  selected  specimens 
as  in  this  case,  blanks  and  treated  specimens  being  selected  at 
random  from  the  same  piece  of  timber,  the  comparison  ought  not 
to  be  misleading. 

After  remaining  in  the  heat  a  short  time  the  appearance  of  the 
treated  sticks  changed  in  color,  turning  a  dark,  dull  brown.  In 
places  on  some  sticks  it  verged  on  black,  and  in  such  places  had 
much  the  appearance  of  partially  charred  wood.  To  determine 
just  what  this  action  is,  it  has  been  suggested  for  future  work 
that  microscopic  and  chemical  studies  be  made  of  it. 
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Typical  Specimens    (2/7   Actual  Size)    After  Storing  About  6  Weeks  at  160°  F. 

(a)  Side  view. 

(b)  Bottom  view,  as  placed  in   cabinet. 

[Not«  photographic  action  on  treated  specimens  (marked  c)  and  light  streak 
on  bottom  of  one  where  tie  had  rested  on  cleat  and  was  protected  from  light. 
Sides  which  had  strong  direct  rays  of  light  seem  to  have  turned  darker  than  bot- 
toms which  were  somewhat  protected.] 
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Report  on  Test  of  Specimens  Stored  at  ISC'  F.  for  Three  Months. 

This  test  was  conducted  partially  as  a  check  on  the  test  made 
on  specimens  stored  at  150°  F.  for  40  days  and  also  to  obtain  an- 
other set  of  points  for  a  plot  firiving:  curves  of  relative  strength 
after  various  storagre  periods. 

Ten  specimens  were  broken  in  cross-bending:  and  in  compression 
parallel  to  the  grain.  The  moisture  content  was  also  taken.  These 
specimens  had  been  stored  at  150**  F.  and  11%  relative  humidity 
for  13%  weeks.  Five  of  them  had  been  impregnated  by  the  method 
previously  described,  with  an  average  of  0.59  lb.  dry  zinc  chloride 
per  cubic  foot  and  5  were  untreated. 

Results. — The  average  moisture  content  of  the  treated  sticks 
was  found  to  be  1.9%;  that  of  the  untreated  sticks,  1.6%.  This 
difference  is  too  small  to  affect  appreciably  the  strength  of  the 
wood.  The  average  modulus  of  rupture  of  the  blanks  was  15,950 
lbs.  per  square  inch,  while  that  of  the  treated  specimens  was  27% 
less,  or  11,400  lbs.  per  square  inch.  The  unit-breaking  load,  in  com- 
pression parallel  to  the  grain,  was  13,960  lbs.  per  square  inch  for 
the  blanks;  for  the  treated  sticks  this  figure  was  8.3%  less,  or 
12,800  lbs.  per  square  inch. 

Conclusions. — These  results  show  a  weakening  nearly  in  pro- 
portion to  time  when  compared  with  the  17%  reduction  in  modulus 
of  rupture  at  the  end  of  5  weeks.  The  number  of  sticks  is  too  small 
for  great  reliance  to  be  placed  upon  these  figures.  However,  the 
specimens  were  selected  at  random  from  the  whole  number,  and  the 
comparison  should  not  be  greatly  in  error.  The  trend  of  the  action, 
at  least,  seems  to  be  established  beyond  question  by  the  results  of 
these  2  tests.  We  must,  nevertheless,  look  to  the  long-time  tests  to 
^establish  a  definite  law  of  strength  decrease. 

Specimens  and  Impregnation. — The  10  sticks  used  for  this  test 
were  taken  from  the  set  of  150  prepared  in  November,  1915.  The 
entire  set  was  No.  1  grade  North  Carolina  (loblolly)  pine,  clear 
and  free  from  defects,  and  consisted  of  sapwood  only.  The  timber 
was  purchased  from  the  Wyman-Allen  Lumber  Company  of 
Charlestown,  and  the  specimens  were  prepared  and  sawed  in  the 
Institute  carpenter  shop.  The  original  pieces,  from  which  the 
specimens  were  cut,  were  2  ins.  x  8  ins.  stock,  kiln  dried.  No 
record  was  left  of  the  position  of  the  specimens  in  these  sticks. 

The  5  treated  specimens  used  in  this  test,  Nos.  7-1-Ci  to  7-5-Cj, 
were  impregnated  in  a  vertical  position  by  the  method  previously 
described  with  an  average  of  0.59  lb.  dry  zinc  chloride  per  cubic 
foot  of  wood.  The  zinc  chloride  was  obtained  in  5-lb.  bottles  from 
the  supply  room  of  the  Institute  chemical  laboratory,  of  the  quality 
known  as  "commercial  zinc  chloride."     The  salt  may  have  been 
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slightly  acidic,  but  this  factor  may  well  be  expected  to  enter  into 
the  commercial  treatment  process.  The  untreated  specimens-  were 
Nos.  8r-l-b,  to  8-5-bt. 

Appearance  of  Specimens. — The  treated  specimens  showed  a 
progressive  discoloration  during  storage  in  the  oven.  At  the  time 
of  this  test,  the  specimens  broken  were  of  a  dull,  dark  brown, 
which  varied  in  intensity  at  different  parts  of  the  sticks.  Those 
portions  of  the  specimens  protected  from  light  showed  but  very 
slight  discoloration.  The  brown  color  was  considerably  darker  than 
that  noted  in  the  5  weeks'  test.  The  untreated  sticks  showed  the 
original  color  of  the  wood. 

Penetration  op  Discoloration. — When  the  treated  sticks  were 
cut  in  cross-section,  it  was  noticed^  that  the  discoloration  was  very 
markedly  confined  to  a  narrow  region  extending  in  from  the  surface 
for  an  average  depth  of  1/32  in.  to  1/16  inch. 

Report  on  Thirteen  Months'  Test  at  150"   F. 

Purpose  and  Procedure. — Twenty  specimens,  10  treated  and  10 
untreated,  were  tested  in  bending  and  in  compression  parallel  to  the 
grain.  The  moisture  content  was  also  taken.  These  specimens 
had  been  stored  at  IBO"*  F.  and  11%  relative  humidity  for  57  weeks. 
The  treated  sticks  had  been  impregnated  with  an  average  of  0.49 
lb.  dry  zinc  chloride  per  cubic  foot. 

Results. — The  average  moisture  content  of  the  treated  speci- 
mens was  1.4%;  that  of  the  untreated  sticks,  1.9%.  This  difference 
is  too  small  to  have  an  appreciable  effect  upon  the  strength  of  the 
wood. 

Before  presenting  the  other  results  of  this  test,  attention  should 
be  called  to  the  following  facts:  The  treated  sticks  Nos.  1-1,  1-4, 
1-7,  1-9  and  1-14,  and  untreated  sticks  Nos.  1-2,  1-3,  1-6,  1-8,  1-10, 
1-13  and  1-15,  were  cut  from  1  piece  of  lumber,  known  as  "Piece 
No.  1." 

In  the  same  way,  treated  specimens  Nos.  2-2,  2-6,  2-8,  2-10  and 
2-13,  and  untreated  specimens  Nos.  2-7,  2-9  and  2-12  were  cut  from 
"Piece  No.  2."  Tests  showed  that  the  specimens  from  "Piece  No. 
2"  were  uniformly  weaker  than  those  cut  from  "Piece  No.  1." 
Hence,  in  the  treated  set  there  were  5  relatively  weak  and  5  rela- 
tively strong  specimens,  while  among  the  blanks  there  were  only 
3  relatively  weak  and  7  relatively  strong  pieces. 

This  discrepancy,  overlooked  at  the  time  of  testing,  would  tend 
to  exaggerate  the  weakening  of  the  treated  wood,  if  the  per  cent, 
of  strength  reduction  was  based  upon  the  difference  between  the 
average  strength  of  the  10  treated  specimens  and  that  of  the  10 
blanks.  Therefore,  results  were  separately  computed  for  the 
specimens  from  "Piece  No.  1"  and  for  those  from  "Piece  No.  2." 
The  2  sets  of  results  thus  obtained  were  then  averaged,  giving 
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each  the  same  weight,  to  obtain  the  final  figures.    The  following 
table  shows  the  method  of  calculation,  and  the  results  obtained: 


Av2.  of  6  treated  sticks, 

(1-1.  1-4,  1-7,  1-9.  1-14) 
Avff.  of  7  blanks, 

(1-2.  1-8.  1-6,  1-8,  1-10.  1-18,  1-16) 
Avff.  of  6  treated  sticks. 

(2-2,  2-6,  2-8.  2-10.  2-18) 
AvfiT.  of  8  blanks, 

(2-7.  2-9.  2-12)  9.270 

Average  reduction  of  strength,  89.6%. 

Report  on  Tests  of  Specimens  Stored  at  150''  F.  for  Two  Years. 

Procedure. — On  March  31,  1917,  7  specimens  were  broken  in 
cross-bending  and  in  compression  parallel  to  the  grain,  and  their 
moisture  content  was  determined.  These  specimens  had  been 
stored  for  2  years  at  150**  F.,  and  about  10%  relative  humidity. 
Three  had  been  treated  with  zinc  chloride,  and  4  were  blanks. 

Results — The  average  moisture  content  of  the  treated  sticks 
was  1.7% ;  of  the  untreated  sticks,  2.3%. 

Average  modulus  of  rupture  of  the  blanks  was  7,470  lbs.  per 
square  inch,  while  that  of  the  treated  sticks  was  3,806  lbs.  per 
square  inch,  or  49%  less.  The  unit-breaking  load,  in  compression 
parallel  to  the  grain,  was  9,428  lbs.  per  square  inch  for  the  blanks, 
and  7,481  lbs.  per  square  inch  for  untreated  sticks,  20.6%  less. 

These  sticks  all  failed  in  tension,  and  were  very  brittle,  the  un- 
treated as  well  as  the  treated,  although  the  latter  were  somewhat 
more  sudden  in  their  manner  of  failure. 

The  treated  sticks  were  very  dark  in  color,  while  the  blanks 
retained  their  natural  shade.  In  the  case  of  the  treated  sticks 
the  discoloration  was  general  throughout  the  cross-section,  being 
of  greatest  intensity  at  the  edges. 

An  interesting,  and  perhaps  important  fact,  was  observed  in 
the  compression  test.  The  blanks  failed  in  the  usual  manner,  but 
the  treated  sticks  split  up  into  a  large  number  of  individual  col- 
umns, varying  in  size  from  a  mere  splinter  to  one  of  about  a 
square  inch  section. 

These  little  columns  failed  one  at  a  time,  making  it  hard  to  tell 
when  the  true  ultimate  load  had  been  reached.  After  failure,  the 
specimen  could  easily  be  picked  to  pieces  with  the  fingers.  When 
this  was  done,  it  was  observed  that  in  every  case  the  plane  of  sepa- 
ration followed  a  line  between  the  annual  rings  of  the  wood. 

This  phenomenon  indicates  the  path  of  the  chemical  into  the 
wood,  and  seems  to  show  that  its  action  is  not  restricted  to  a  thin 
outer  layer,  as  previously  thought,  but  is  felt  over  the  entire  crosa- 
section. 
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REPORT  ON  WATER-GAS  TAR.* 

By  W.  H.  Fulweilbr. 

Production. — Out  of  917  plants  engaged  in  the  manufacture  of 
illuminating  gas  about  696  manufacture  carburetted  water  gas,  which 
makes  up  about  70%  of  the  volume  of  illuminating  gas  produced. 

While  about  51  %  of  the  number  of  plants  are  located  along  the  eastern 
coast,  and  about  35%  in  the  Mississippi  Valley,  yet  somewhat  over  67% 
of  the  gas  is  manufactured  by  the  plants  along  the  Atlantic  coast. 

Table  1  gives  the  production  of  carburetted  water  gas,  the  quantity  of 
oil  used,  the  estimated  quantity  of  water-gas  tar  produced. 

Figures  for  water-gas  tar  produced  that  were  obtained  in  connection 
with  a  survey  of  the  gas  oil  requirements  in  the  United  States  by  a 
committee  of  the  American  Gas  Association  indicate  that  at  least  during 
the  last  2  or  3  years  between  70%  and  80%  of  the  tar  produced  is  utilized 
so  that  for  the  years  1918,  1919  and  1920,  the  utilized  or  available 
production  will  be  approximately:  in  1918,  70,000,000  gals.;  in  1919, 
75,000,000  gals.,  and  for  1920,  80,000,000  gallons.  The  figures  given  in 
"Mineral  Resources  for  1918"  show  only  53,420,000  gallons.  This 
apparently  refers  to  tar  sold. 

The  increase  in  tar  marketed  is  probably  due  to  the  fact  that  the  fuel 
value  of  the  material  has  become  more  widely  recognized,  as  it  has  been 
found  that  water-gas  tar  can  be  burned  with  the  same  installation  as 
fuel  oil  and  with  slightly  higher  efficiency.  This  has  resulted  in  a  very 
great  increase  in  the  value  of  the  material  so  that  today  its  market 
value  appears  to  be  from  15%  to  20%  higher  than  coal  tar. 

While  there  is  a  tendency  to  reduce  the  consumption  of  gas  oil,  due  to 
its  present  scarcity  and  high  price,  yet  owing  to  the  many  advantages 
that  the  manufacture  of  carburetted  water  gas  possesses  the  production  of 
water-gas  tar  will  continue  at  about  its  present  rate  for  a  number  of  years. 

Physical  and  Chemical  Characteristics.— For  the  purpose  of  this 
discussion  we  may  consider  3  distinct  tars:  tar  produced  by  the 
destructive  distillation  of  coal,  which  we  will  call  "coal  tar";  tar  pro- 
duced by  what  may  be  called  the  destructive  distillation  of  natural 
hydrocarbons  (petroleum)  in  its  own  products  of  decomposition,  which 
we  will  call  "oil  tar";  and  tar  produced  by  the  destructive  distillation  of 
oil  in  the  presence  of  a  mixture  of  hydrogen  or  hydrogen  and  carbon 
monoxide  and  water  vapor,  known  as  blue  gas,  which  we  will  call  "water- 
gas  tar". 

The  resulting  tars  from  these  3  processes  are  the  summation  of  all  of 
the  manifold  and  complicated  reactions  which  may  take  place  as  the 
result  of  heating  a  mixture  of  hydrocarbons  (as  we  may  consider  coal  a 
mixture  of  hydrocarbons)  to  high  temperatures. 

*This  paper  waa  submitted  as  a  part  of  the  report  of  Committee  No.  4 — Preservatives. 
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The  physical  and  chemical  qualities  of  the  tars  reflect  quite  accurately 
the  variations  in  the  fundamental  factors  which  govern  all  reactions, 
that  is,  pressure,  temperature,  time  of  contact,  concentration,  and  the 
presence  of  catalytic  substances. 

In  connection  with  the  tables  giving  analyses  of  tars  it  must  be  remem- 
bered that  this  material  is  somewhat  variable  in  its  composition  and  that 
an  analysis  can  only  represent  the  particular  sample  tested.  However, 
the  analyses  given  are  fairly  representative  of  materials  available  at  the 
date  of  this  report. 

Table  2  gives  analyses  of  samples  of  horizontal,  vertical  and  coke- 
oven  coal  tars  and  water-gas  tar. 

Table  3  gives  the  analyses  of  samples  of  coal-tar  creosote,  water-gas 
tar  creosote  and  Mexican  crude  oil. 

Table  4  gives  the  analyses  of  some  water-gas  tars  made  from  different 
oils  and  under  different  manufacturing  conditions,  which  show  the 
probable  range  in  composition  that  may  be  expected. 

It  will  be  noted  that  for  a  given  boiling  point  the  gravities  and  refrac- 
tive indices  in  the  water-gas  tar  are  lower  than  in  coal  tar,  and  the 
gravities  of  the  oil  tar  are  in  turn  lower  than  in  the  water-gas  tar. 

QuAUTiBS  OP  Watbr-Gas  Tar  as  Affecting  its  Preservative 
QuAUTY. — It  would  seem  that  there  are  4  fundamental  qualities  that 
affect  the  value  of  any  material  for  its  use  as  a  wood  preservative.  These 
are  penetrance,  or  the  ability  to  get  the  material  into  the  wood;  per- 
manence, or  its  ability  to  stay  in  the  wood;  waterproofing  effect,  and 
toxicity. 

It  appears  from  the  work  of  E.  Bateman^  that  penetrance  bears  some 
close  relation  to  the  absolute  viscosity  of  the  material  at  the  temperature 
employed  in  the  treating  process. 

Another  factor  that  may  be  of  importance  is  surface  tension.  Table 
6  gives  a  number  of  determinations  of  absolute  viscosity  and  surface 
tension  at  2  temperatures  of  a  number  of  samples  of  commercial  materials. 

As  a  result  of  practical  experience  it  has  been  found  that  water-gas 
tar  derivatives  whether  refined  tar,  distillates  or  mixtures,  appear  to 
give  very  satisfactory  penetration. .  In  fact,  it  is  possible  to  secure  very 
complete  penetration  of  wood  blocks  with  refined  water-gas  tar  having 
a  gravity  of  1.14  and  a  specific  viscosity  as  high  as  2.4  at  100°C.,  and  a 
very  considerable  yardage  of  wood  block  has  been  laid  with  such  material. 

The  permanency  of  the  material  in  the  wood  will  probably  be  affected 
by  3  factors — evaporation  of  the  material,  leeching,  and  changes  in  the 
chemical  composition.  As  it  will  be  noted  from  the  comparative  analyses 
of  water-gas  tar  and  coal  tar,  that  with  2  fractions  of  same  gravities, 
the  boiling  point  of  the  water-gas  tar  will  be  considerably  higher  than 

1  "Relation  Between  Viscodty  and  Penetrance  of  Creosote  into  Wood,"  by  E.  Bateman. 
Chem.  &  Met.  Eng.,  Vol.  22,  No.  8  (1920). 
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the  corresponding  coal  tar,  so  that  it  is  to  be  expected  that  the  loss  in 
evaporation  which  depends  upon  vapor  tension  should  be  slightly  lower 
with  water-gas-tar  oil  than  with  coal-tar  oils  of  the  same  gravity.  Labora- 
tory tests  have  in  general  confirmed  this. 

Table  6  gives  some  analyses  of  material  extracted  from  wood  blocks 
and  railroad  ties  that  have  been  in  service  from  4  years  to  10  years. 

It  is  hardly  within  the  province  of  this  report  to  discuss  the  validity 
of  the  laboratory  petri-dish  test  for  toxicity  as  affecting  the  practical 
suitability  of  the  material  for  preservation  purposes.  The  work  of 
Dean  &  Downs',  Weiss'  and  Humphrey  &  Fleming*  on  this  subject  are 
well  known  and  are  given  in  Table  7.  The  summation  of  the  results 
that  have  been  reported  appear  to  indicate  at  least  with  the  lower  gravity 
water-gas  tar  distillate  that  the  amount  of  creosote  that  is  used  per 
cubic  foot  in  commercial  practice  is  in  excess  of  that  required  to  inhibit 
the  growth  of  fimgi. 

Many  factors  that  cannot  be  duplicated  in  the  laboratory  appear  to 
enter  into  the  question  of  inhibiting  the  growth  of  wood-destroying 
fungi  under  practical  conditions  so  that  the  petri-dish  test,  while  valid 
for  the  particular  conditions  may  be  of  little  value  in  determining  the 
practical  suitability  for  commercial  use. 

Practical  experience  with  authenticated,  samples  of  water-gas  tar  have 
shown  that,  for  instance,  in  wood  block,  no  decay  has  taken  place  in  12 
years,  and  in  railroad  ties  no  decay  has  taken  place  in  10  years,  and  it  is 
believed  that  these  practical  tests  are  much  more  indicative  of  the  suit-  ^ 
ability  of  the  material  than  the  petri-dish  tests  before  mentioned. 

Adapt ABiUTY  TO  Use  in  Wood-Preserving  Process.— Water-gas- 
tar  products  have  been  used  commercially  in  the  full-cell,  Ruepkig  and 
Card  processes  with  entirely  satisfactory  operating  results. 

In  some  of  the  earlier  work  it  was  attempted  to  duplicate  the  gravity 
of  the  coal-tar  creosote  by  using  high-gravity  water-gas-tar  distillates. 
This  required  a  distillation  to  coke  in  order  to  secure  the  high  gravities. 
Later  it  was  found  more  advantageous  to  use  mixtures  of  refined  water- 
gas  tar  and  lower-gravity  distillate  oil.  In  Table  8  are  given  some 
analyses  of  water-gas-tar  distillates  that  have  been  used  commercially, 
principally  in  the  treatment  of  railroad  ties  and  cross-arms. 

In  the  full-cell  process  for  wood  block,  refined  tars  having  gravities 
as  high  as  1.14  have  given  satisfactory  penetration.  Some  typical 
analyses  of  such  material  are  given  in  Table  9. 

For  railroad  ties,  the  best  results  with  both  the  full-cell  and  Rueping 
processes  have  been  obtained  with  a  mixture  of  about  equal  parts  of 

s  Dean,  A.  L.,  and  Downs,  C.  R.,  "Antiseptic  Tests  of  Wood-Preserving  Oils,"  8  Int. 
Cong.  Appl.  Chem.,  Vol.  18,  sec.  6a,  page  103. 

s  Weiss,  J.  M.,  "The  Action  of  Oils  and  Tars  in  Preventing  Mould  Growth,"  J.  Soc 
Chem.  Ind.,  Vol.  80,  pagw  190  and  1848  (1911). 

*  Humphrey,  C.  J.,  and  Fleming,  R.  M»  "The  Toxicity  to  Fungi  of  Various  Oils  and 
Salts,  Particularly  Those  Used  in  Wood-Preserving."  Bulletin  No.  227,  U.  S.  Dept.  of 
Agriculture. 


Digitized  by  LjOOQ IC 


118  Seventeenth  Annual  Meeting 

refined  tar  and  distillate,  so  that  the  gravity  of  the  mixture  was  from 
1.04  to  1.07  at  SS^'C.  In  this  manner,  any  advantage  that  may  accrue 
with  a  higher  toxicity  of  the  lighter  oils  is  secured  together  with  the  very 
high  penetration,  and  at  the  same  time  the  very  complete  waterproofing 
effect  of  the  refined  tar  is  secured.  Some  typical  analyses  of  this  material 
are  shown  in  Table  10. 

In  the  Card  process,  where  the  wood  is  treated  with  a  mixture  of  the 
oil  and  a  zinc  chloride  solution,  some  unsatisfactory  results  have  been 
obtained  where  crude  water-gas  tar  was  used.  This  resulted  in  the 
deposition  of  a  heavy  black  sediment  that  collected  on  the  surface  of 
the  treated  material,  making  it  very  disagreeable  to  handle,  and  also 
collected  in  the  bottom  of  the  retorts  and  working  tank.  Such  precipita- 
tion, however,  is  not  noticed  in  properly  prepared  and  refined  water-gas- 
tar  products. 

It  is  advantageous  to  hold  the  percentage  of  heavy  hydrocarbons,  that 
is,  those  boiling  above  355^0.,  to  less  than  40%,  and  in  order  to  bbtain 
this  figure  a  mixture  of  distillate  oO  and  refined  tar  is  usually  required. 
Representative  analyses  of  material  that  have  given  very  satisfactory 
results  are  shown  in  Table  11. 

Extent  op  Use.— The  amount  of  water-gas  tar  reported  to  the  United 
States  Forest  Service  as  used  in  wood-preserving  is  somewhat  low,  as 
the  amount  sold  by  one  company  alone  has  exceeded  the  published 
figures.  This  may  be  due,  however,  to  the  inclusion  of  a  certain  amount 
of  water-gas  tar  in  the  paving  oil  reported.  Table  12  gives  the  figures 
as  they  have  been  reported  since  1916. 

The  water-gas  tar  derivatives  have  been  used  in  practically  every 
branch  of  the  wood-preserving  industry.  Its  authenticated  conmiercial 
use  in  treatment  of  railroad  ties  began  in  1910,  when  the  Public  Service 
Railway  Company  of  New  Jersey  began  to  use  it  in  a  regular  10-lb. 
treatment  on  their  ties.  They  probably  have  in  track  500,000  ties 
treated  with  water-gas  tar. 

Its  use  by  steam  roads  began  in  1914,  when  one  of  our  larger  railroads 
began  to  use  it.  Since  then  water-gas  tar  has  been  used  by  the  Baltimore 
&  Ohio,  Chicago,  Burlington  &  Quincy,  Pennsylvania,  and  the  Phila- 
delphia &  Reading  railroads.  The  Baltimore  &  Ohio  and  the  Chicago, 
Burlington  &  Quincy  railroads  have  used  water-gas  tar  in  the  Card 
process,  the  Philadelphia  &  Reading  and  the  Pennsylvania  have  used  it 
in  the  full-cell  and  Rueping  processes. 

The  Baltimore  &  Ohio  has  treated  approximately  6,000,000  cross-ties 
with  the  Card  process,  using  }^\h,  zinc  chloride  with  3  lbs.  water-gas  tar. 

The  Chicago,  Burlington  &  Quincy  has  treated  about  171,000  ties 
with  water-gas  tar  and  zinc  chloride  solution. 

The  Philadelphia  &  Reading  and  the  Pennsylvania  railroads  have 
used  water-gas  tar  in  admixtures  with  coal-tar  products  in  varying  per- 
centages from  10%  up  to  straight  water-gas  tar. 
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In  wood-block  paving  very  considerable  quantities  of  water-gas  tar 
have  been  used,  either  alone  or  with  a  mixture  of  coal  tar  that  for  com- 
mercial reasons  have  not  been  reported  as  such. 

The  authenticated  use  of  the  material  commenced  in  1907,  and  a  very 
considerable  yardage  of  wood  block  has  been  laid  by  the  Barber  Asphalt 
Company,  which  was  treated  with  refined  water-gas  tar. 

The  details  of  the  paving  laid  with  water-gas-tar-treated  wood  blocks 
are  given  in  Table  13.  In  addition  to  the  yardage  given,  there  is  prob- 
ably an  equal  yardage  that  could  not  be  reported. 

In  structural  material  the  Conmiittee  has  had  difficulty  in  getting 
authentic  figures  due  to  various  commercial  considerations.  The  United 
Gas  Improvement  Company  of  Philadelphia,  has  been  operating  a  small 
treating  plant  since  1911,  where  it  has  been  treating  considerable  quanti- 
ties of  structural  timber  for  local  use.  Examination  of  the  records 
indicates  that  this  material  has  been  used  principally  for  docks,  wharves 
and  trestles.  Considerable  quantities  have  been  used  at  the  coast 
resorts  near  Philadelphia,  such  as  Atlantic  City,  Ocean  City,  etc.,  where 
mild  attacks  from  marine  borers  are  expected. 

In  marine  work,  except  as  before  noted,  the  Committee  could  find  but 
little  commercial  use  of  water-gas  tar.  Some  tests  with  piles  and  test- 
pile  sections  have  been  made,  but  no  extensive  use  has  been  found. 

In  miscellaneous  materials,  very  considerable  quantities  of  refined 
water-gas  tar  have  been  used  in  the  middle  west  for  treatment  of  fence 
posts.  A  number  of  electric  light  companies  have  treated  cross-arms 
for  the  past  10  years  with  a  brush  treatment  of  water-gas-tar  distillate 
of  about  1.04  gravity.  Blocking  for  use  under  gas  mains  and  cross-arms 
have  been  treated  by  pressure  treatment  with  a  distillate  and  refined  tar 
of  1.06  gravity.  Water-gas-tar  products  have  also  been  extensively 
used  in  the  treatment  of  wood  conduit. 

Service  Records.— The  records  of  24,000  railroad  ties  in  the  lines  of 
the  Public  Service  Company  of  New  Jersey,  treated  in  1911,  1912, 
1913  and  1914,  are  being  reported  from  year  to  year  in  the  American 
Railway  Engineering  Association's  Proceedings,  and  are  summarized  in 
Table  14. 

The  Forest  Products  Laboratory  and  the  Baltimore  &  Ohio  Railroad 
are  carrying  on  some  service-tests  at  the  Herring  Run  test  track  near 
Baltimore,  Md.    See  Table  15. 

In  wood  block,  the  yardage  reported  by  the  sub-committee  in  1917  is 
being  kept  under  inspection,  and  is  summarized  in  Table  13. 

In  addition,  there  are  some  water-gas-tar  blocks  in  the  test-pavement 
on  Second  Avenue,  New  York  City,  half-way  between  Sixth  Street  and 
the  north  property  line  of  Seventh  Street,  between  Fourteenth  and 
Fifteenth  Streets,  and  between  Eighteenth  and  Nineteenth  Streets. 
They  were  reported  on  in  the  Proceedings.^ 

i  Prooeedinffi,  A.  W.-P.  A.,  1919,  Page  99. 
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The  Forest  Products  Laboratory  has  service  records  of  a  number  of 
fence  posts  treated  with  water-gas  tar  that  are  sununarized  in  Table  16. 

Teesdale*  has  reported  some  experiments  of  the  Forest  Products 
Laboratory  with  test-pile  sections  treated  with  water-gas  tar  at  Gulf- 
port,  Miss.,  and  San  Diego,  Cal.,  for  test  against  marine  borers.  It  is 
also  understood  that  some  test-pile  sections  were  installed  at  Brunswick, 
Georgia. 

In  1910  some  extensive  tests  were  made  with  mine  timbers,  but  the 
Conmiittee  is  unable  to  secure  final  reports  on  these. 

Specifications. — A  number  of  specifications  have  been  in  commercial 
use  for  the  purchase  of  water-tar  products.  These  covered  several 
qualities  of  refined  tar,  distillates,  and  mixtures  of  distillates  and  defined 
tar.    These  specifications  are  given  in  Table  17. 

Summary. 

There  exists,  and  will  continue  to  exist,  for  a  number  of  years,  a 
large  amount  of  water-gas  tar  that  could  serve  as  a  potential  source 
of  preservative  oil. 

Water-gas  tar  is  in  general  composed  of  the  same  aromatic  hydro- 
carbons as  coal  tar,  but  it  does  not  contain  phenoloid  bodies,  and  only 
contains  traces  of  nitrogen  bases. 

Water-gas-tar  products  have  been  found  satisfactory  in  commercial 
practice  in  their  ability  to  penetrate  wood,  to  remain  in  wood,  to  render 
it  waterproof,  and  to  prevent  decay. 

Practical  experience  indicates  that  water-gas-tar  products  can  be  used 
satisfactorily  in  the  full-cell,  Rueping  and  Card  processes. 

During  the  last  13  years  railroad  ties,  wood-paving  blocks,  timber  for 
docks,  cross-arms,  and  fence  posts  treated  with  water-gas  tar  have  been 
in  satisfactory  and  successful  use. 

Table  I. 
Year  Carburetted  Water  Gas  Oil  Used.         Estimated  Water-Gas 

Gas  Made.  Tar  Produced. 

M.  Cu,  Ft.  Gallons.  GaUona. 

1915.. 136,833,000  563,238,000  83,000,000 

1918 191,741,000  703,828.000  111,000,000 

1919 194.217,000  709,827,000  111,600,000 

1920  (Estimated)....  214,217,000  769,607,000  116.600,000 

Table  2. 

Horizontal.  Vertical.   Coke  Oven.  Water-Gas 

Tar. 

Specific  gravity  at  88*>C 1.2857        1.1800        1.1700        1.1010 

Free  carbon  (%  weight) 28.6  5.6  5.5  2.0 

Tar  acids  (%  volume) 5.4  13.2  6.0  None 

Naphthalene  (pound) 0.82  0.12  0.36  

Distillation  (%  weight): 

210°C 0.5  7.5  0.1  3.0 

235*'C 4.8  17.5  8.7  14.6 

815'C 20.9  39.0  88.0  42.0 

855«C 28.1  50.2  46.3  65.0 

Coke  (%  weight) 44.9  23.2  22.4  24.1 

Sp.  gr..  286'*C.-316°C.  fraction 1 ,  0877         1 .  0010         1 .  0820        1 .  001 

Sp.  gr.,  315°C.-355°C.  fraction 1.1051         1.061  1.1060         1.06 

Unsulphonated  material  (%  weight) 0.4  2.8  0.2  8.1 

•  Teesdale,  C.  H..  "Efficiency  of  Various  Parts  of  Coal-Tar  Creosote  Against  Marine 
Borers,"  Eng.  Record.  70.  page  302.     (1914). 
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TaBLB  4.— ANALY8BB  OP  WaTBR-GA8  TABS. 

Sp.  gr.  »t  26V25«C 1.088  1.090 

Sp.  gr.  at  SSVIS.S^'C 1.070  1.077 

P^  carbon.  CSi.  (%  weight) 0.7  1.2 

Free  carbon  hot  C«H«.  (%weight) 1.7  2.1 

Coke  (%  weight) 16.6  16  8 

Distillation  (A.R.E.A.)— 

Water  (%  volume) 1.7  68 

Total  oil  to  210*»C.  (%  weight) 7.0  6.S 

"     "     "    236*»C.  ('^      "       ) 16.4  16.6 

"     "     "    SIS^'C.  ("      "       ) 41.4  40.4 

"     "     "SSS^CC*      "       ) 61.9  60.9 

Float.  70'C.  aces.  Rea.  Ab.  866*C Over  Over 

20  min.  20  mlQ 
Sp.  gr.  at  88«/15.6*>C.— 

Total  oil  to  210*0 9017  .9089 

.4     "     "  235*'C 9478  .9887 

"     "     "SIS^C 9888  .9864 

"     "2  "  See^C 1.0278  1.0800 

Refractive  Index  — 

Total  oil  to  210*'C 1.6816  1.6800 

••     "     "235"»C 1.6694  1.6626 

"  "  "316*'C 1.6866  1.6846 

"  "  "SSe^'C 1.6170  1.6198 

Unsulphonated  material  (%  weight) 4.1  8.8 


1.108 

1.126 

1.092 

1.108 

1.6 

2.0 

2.7 

2.7 

19.6 

20.8 

4.8 

8.4 

4.2 

1.6 

9.0 

6.1 

86.0 

80.1 

47.6 

89.6 

Over 

Over 

20  min. 

20  min. 

.9082 

.927 

.9480 

.9617 

.9888 

.9982 

1.0404 

1.0364 

1.6840 

1.6630 

1.6680 

1.6640 

1.6876 

1.6950 

1.6282 

1.6235 

8.2 

2.2 
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Table  8. — Analysbb  op  Distillate  Water-Gas-Tar  Oils. 

Sp.gr.  at  38°/15.5°C 1.027           1.036  1.058 

Water  (%  volume) 0.7              0.8  0.8 

Free  carbon  (%  weight) 0.25            0.2  0.22 

Distlllatioii— 

210°C.  (%  weight) 6.02            6,8  4.7 

235°C.  ( '^      "       ) 12.1  14.1  10.1 

315*C.  ("      "       ) 47.4  52.0  35.4 

365*'C.  ("      "       ) 77.7  71.0  68.3 

Residue Soft                 Soft  Liquid 

Table  9. — Refined  Water-Gas  Tar  for  Wood  Blocks. 

Sp.  gr.  at  38V15.5°C 1.0900         1.1100  1.1310 

Insoluble  in  benzol  &  chloroform  (%  weight)         1 .  02            0 .  90  0 .  90 

Distillation— 

210*'C.  (%  weight) 4.5              2.4  Trace 

235°C.  ('^      "       ) 17.0              9.8  2.2 

316°C.  (  "      "       ) 45.5  31.4  28.2 

356*C.  ("      "       ) 65.5  47.0  43.7 

Sp.  gr.  of  entire  distillate  at  38V15.5'*C 9885           .9960  1 .0060 


1.076 
Nil. 
.15 

.7 

1.6 

10.1 

46.0 

Uquid 


1.1400 
0.58 

Trace 

1.6 
25.3 
38.6 

1.0130 


Table  10.— Distillated  and  Refined  Water-Gas-Tar-Crbosotb  Solution. 
(This  material  was  made  to  meet  Specification  D  in  Table  17.) 

Sp.  gr.  at  38V16.5*'C 1.046          1.047  1.045 

Free  carbon  (benzol)  (%  weight) 1 .08            1 .54  1 .40 

Distillate— 

210*C.  (%  weight) 2.60            3.30  3.60 

286*'C.  ("      "       ) 8.10           10.60  15.70 

315°C.  ("      •*       ) 63.70          62.70  51.00 

355«>C.  (••      "       ) 69.50          63.60  63.80 

Float-test  on  residue  at  70*C.  (inches) 26. 1            41 .7  36 .4 

Sp.  gr..  235*'C.-315«>C.  fraction  at  88«/16.6*'C 9817           .9820  .9917 

Sp.  gr.,  315°C.-356«C.  fraction  at  38«/15.5'»C 1.040           1.034  1.048 

Coke  (%  weight) 4.8              8.4  5.8 

Table  11.— Analyses  of  Distillate  Refined  Water-Gas-Tar-Crbosotb  Solutions* 
(These  materials  were  used  in  the  Card  process). 

Sp.  gr.  at  38V15.5«C 1.046           1.061  1.062 

Free  carbon   {%  weight) 1.2              1 .4  1.7 

Oil  to  200<'C.  (  "      "       ) 8.9              8.1  0.7 

210*>C.  ('•      ••       ) 7.1              4.7  1.4 

285»C.  (  "      "       ) 16.0               9.5  7.8 

SSS^C.  ("      "       ) 67.0            65.0  63.5 

Residue  above  365°C Soft             Soft  Soft 

(The  following  were  used  in  the  Rueping  process). 

Sp.  gr.  at  38V15.5*'C 1.045           1.050  1.055 

Free  carbon  (%  weight) 0.88            1.47  1.63 

Distillate— 

210"C.  (%  weight) 3.0              3.5  3.1 

236°C.  ( '^      "       ) 8.2             13.0  11.3 

315*'C.  ("      "      ) 36.2            38.2  36.5 

Water  (%  volume) 0.5              1.0  1.2 


Table  12. 


Year. 

ToUl 
Creosote. 

Foreign 
Creosote. 

Domestic 
Coal  Tar. 

Water-Gas 
Tar. 

Paving  OU. 

Misc. 
Materials. 

1915 
1916 
1917 
1918 
1919 

GaUons. 

80,859,442 
90,404,749 
75,641,737 
52,776,386 
65,556,247 

Gaihns. 

37,601,007 

43,649,931 

18,259,141 

2,165,736 

6,493,974 

GaUons. 

41,333,890 
45,818.736 
54,305,204 
47,787,998 
55,679,512 

Gallons. 

2,024,546 
1,436,083 
2,977,392 
2,822,662 
8,482,761 

GaUons. 

3,205,563 
5,676,095 
7,679.819 
4.067.862 
2.412,592 

GaUons. 

1,693,644 

582,754 

187,361 

28.013 

102.011 
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Table  13.— Location  of  Wood  Block  Trbatbd  with  Watbb-Gas  Tar. 

Square  Absorption 

City.  Location.  Yarda  per  Cu.  Ft. 

(Approxi-  of  Lumber, 
mate.) 

1908.  Pounds 

Boston,  Mass Washington  St.»  from  78'  south  of  Court  Ave., 

to  Cornhill  and  State  Sts.,  N.  &  S.  of  Old 

State  House 1300  20 

Pittsburgh,  Pa 6th    St.    bridge,    between    Pittsburgh    and 

Allegheny 

Havana,  Cuba Shop  flooring 

New  York Rogers  Place,  from  Dongan  to  166th  St. . .  t . . 

"      "       Minford  St.,  Boston  Road  to  Jennings 

"      "       Charlotte  St.,  Boston  Round  to  Jennings 

"      "       Liberty  Street  Terminal 

Waterbury,  Conn . .  .Intersection  of  West  Main  and  Willow  Sts 


1909. 


Boston,  Mass Bowdin  Street . 

"         *'     Falsmouth 

Holyoke,  Mass 

Oakmont,  Pa Bridge  floor . . . 


3228 

20 

4800 

20 

2975 

20 

4641 

20 

8644 

20 

1260 

20 

20 

1683 

20 

1435 

20 

1868 

20 

3915 

16 

2662 

20 

24438 

16 

1096 

20 

4300 

20 

1910. 

Asbury  Park,  N.  J.  .Flooring,  from  bridge  at  Deal  Lake 2038  16 

South  Boston,  Mass..  Milk  St.,  Pearl  St.  to  Oliver  St.,  Pearl  St., 

MUk  St.  to  148  ft.  north 2353  20 

Oliver  St.,  Milk  St.  to  200'  southeast 4860  16 

Philadelphia,  Pa Flooring  pier  No.  84,  South  wharves 4860  16 

Eddystone,  Pa Baldwin   Locomotive   Works   machine  shop 

flooring 7187  16 

1911. 

Newark,  N.  J Plant  Road  bridge  over  Passaic  River 

Bridgeport,  Conn .  . .  SUte  St.,  Broad  St.  to  Fairfield  Ave 

Boston,  Mass Milk  St.,  Oliver  St.  to  Broad  St 

"     Washington  St.,  Williams  St.  to  Dudley  St . . . 

"     Ferdinand  St..  Favette  St.,  to  B.  &  A.  R.  R., 

Fayette  St.,  Ferdinand  St.  to  Pleasant  St., 

Melrose  St.,  Ferdinand  St.  to  Pleasant  St 6230  20 

Church  St..  Melrose  St.  t6  Fayette  St 

1912. 

Cambridge,  Mass .  .  .  Mass.  St.,  Brattle  Sq.  to  Bigelow  St 27514  20 

Harvard  Sq.,  Brattle  Sq.,  to  subway  entrance, 
including  Mount  Auburn  St. 

Brattle  Sq.,  Lafayette  St.  to  Mass.  St. 
Philadelphia.  Pa 33rd  St.,  Race  St.  to  Powelton  Ave 2928  18 

48  St.,  Woodland  Ave.,  to  Gray's  Ferry  Road. 

Woodland  Ave.,  48th  St.  to  P.  &  W.  G.  R.  R. 
Philadelphia,  Pa Wallace  St.,  18th  St.  to  19th  St 3683  18 

Hamilton  St..  18th  St.  to  19th  St. 

Hamilton  St.,  20th  St.  to  2l8t  St. 

E.Cambridge.  Mass.  Harvard  bridge 9509  20 

ONew  York 2nd  Ave.,  18th  St.  to  19th  St 16 

2nd  Ave.,  14th  St.  to  15th  St.,  North  from 

14th  St.  East  Side 20 

2nd  Ave.,  South  of  7th  St 20 

(t)Philad€lphia,  Pa. .  .Arch  St.,  Front  to  21st  St 40,000  18 

(*) According  to  specifications.  (f) According  to  analysis. 

1913. 

Waterbury,  Conn . .  .Bank  Street 2030  20 

Dorchester,  Mass .  . .  Washington  St..  Blue  Hill  Ave.,  to  Talbot  Ave.  10130  20 

New  Britain,  Conn .  .West  Main  Street 7300  20 

Pittsfield,  Mass Columbus  Ave 4000  20 
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Tablb  18.— Location  op  Wood  Block  Trbated  with  Watbb-Gas  Tar  (Concluded.) 

Square  AbBorption 

City.  Location.        •  Yards.  perCu.  Ft. 

(Approzi-  of  Lumber 
mate.) 


1914.  Pounds 

Fitchburg*  Mass Main  St..  Pritchard  St.  to  Hailstone  St 4000  20 

Pritchard  St.,  Main  St.  to  Pleasant  St. 
Railstone  St..  Main  St.  to  Bridge. 
Water  St.,  4th  St.  to  7th  St. 

Ansonia,  Conn Main  St.,  Bridge  St.  to  brass  factory 9627  20 

Meriden  Conn No.  Colony  St.  steam  railroad  to  20  ft.  north 

of  Wilcox  Avenue 

Jersey  City,  N.  J. .  .Washington  St.,  Montgomenr  St.  to  Grand  St . 

Philadelphia,  Pa LocustSt.,  Broad  St.  to  18th  St 

"...  Fifth  St.,  Girard  Ave.,  to  448  ft.  southward . . 

"     . .  .11th  St.,  Market  St.,  to  Chestnut  St 

"...  10th  St.,  Market  St.  to  Chestnut  St 

"     . .  .9th  St.,  Market  St.  to  Chestnut  St 

Jersey  City,  N.  J... York  St.,  Van  Verst  St.  to  225  ft.  east  on 

Washington  St 4620  20 


3000 

18 

1190 

20 

1550 

18 

1695 

18 

1410 

18 

1407 

18 

1363 

18 

Tabls  14.~Rbcord  op  Tms  Trbated  with  Watbr-Gas  Tar. 
(All  in  lines  of  PubUc  Service  Co.,  of  New  Jersey.) 


Line. 


Location. 


Number 
of  ties. 


Ballast. 


Treat- 
ment 


1911. 

Blackwood Brewer's    Crossing    to    Woodbury 

Cityline 1785 

Mantua Toll  Gate  to  Mantua 24 

Woodbury Crown  Point  Road  to  "S"  Curve, 

both  tracks 512 

Riverton Erato's   property    west   •n    River 

Road 261 

1912. 


Blackwood Almonesson  to  Brewer's  Crossing. .     2472 

Mantua Toll  Gate  to  Mantua 8940 

National  Park . . .  Washington  Park  to  National  Park .     124 1 

Pensauken 44th  and  Elm  Sts.  to  Pensauken 

Junction 8109 

Riverton Pensauken  Junction  to  No.  4  Turn- 
out       5203 

Haddon Heights.. King's  Highway  towards  Orston 
Station,  Audubon  northboiud 
track 134 

1913. 

Haddon  Heights.  .Northbound  track  from  sub-station 
in  Haddon  Heights  to  Clements 
Road,  Harrington 612        " 

Haddon  Heights.  .Northbound  track  from  Wamick 
Ave.  to  curve  north  of  Clew's 
Landing  Road 896 

Haddon  Heights..  Northbound  track  from  the  south 
end  of  Stratford  turnout  to  Lin- 
den Ave.,  Laurel  Springs 978        " 

1914. 

Riverside Ford's    Lane    turnout,    Mansfield 

Township 148        " 

Haddon  Heights.  .Newton  Ave.  from  Beechwood  Ave. 

to  Park  Ave.,  Oaklyn 2500     Macadam. 


per 
Cu.Ft. 

Cinder 10 

Cinder  and  Sand...         10 

Cinder 10 

Sand 10 

Cinder  and  Sand .. .         10 

Cinder 10 

Dirt 10 

ander 10 

Stone 10 

Cinder 10 
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Table  15.- 


-Recobd  or  Tibs  Tbbatbd  with  Watbb-Gas  Tab  Installbd  in  1914  in 
EEebbinq  Run  Tback«  Baltimobb,  Md. 


Number  of 
Tie. 

1601>1660 
1651-1800 
1801-1950 
1951-2100 
2701-8000 


Preservative 


W.G.T.  Creosote. 


Modified  Card  (W.G.T. . 

Creosote — 

Zn.  a») 


Avera|(e 

Absorption. 

Lbs.  per  eu.  ft, 

5.16 

6.12 

7.09 

10.9 

1.85 

0.37 

0.59 


Number  Number 
Treated,    in  Test. 


150 
150 
150 
150 


300 


150 
150 
150 
148 


800 


Tablb  16. — Fbncb  Posts  Tbbatbd  with  Watbb-Gas  Tab.    Sbbvicb  Rbcobd 
FOBBST  Pboducts  Labobatoby. 


Species. 


Number.      Treatment. 


Preservative. 


Bass , 

Beech 

Birch 

Alpine  ftr... 

Black  gum. 
Red  oak... 


51 
6 
6 

10 

10 

3 

100 

58 


Year. 
1908 


Open-tank Water-gas  tar 

"      "  Water-gas-tar  creosote 1908 

"       M  «      R     «       ..  1908 

Brush Water-gas  tar 

Open-tank "        "    " 


Lod|^pole  pine 

Scrub  pine 14 

Poplar 6 

Engelmann  spruce 60 

20 

ftycamore 9 

Willow 9 


Water-gas-tar  creosote . 
Water-gas  tar 


. .     1911 

1911 

1908 

..     1908 

..     1908 

1912 

Brush "         "     "  1912 

Open-Unk "        "    "  1908 

"    "  Water-gas-tar  creosote 1908 

"    "  Water-gas  Ur 1912 

Brush "        "    "  1912 

Open-tank Water-gas-tar  creosote 1908 

"    "  "        "     «      "  1908 


Tablb  17. — Spbcdications  fob  Watbb-Gas  Tab  Pboqjucts, 
distillatb  oils. 

A  B 

Specific  gravity  at  88<'C Not  less  than  1.02  1.03-1.08 

Free  carbon  benzol  (%  weight) Not  over  1  Not  over  1 

Water  (%  volume) "      "     3  "       "    2 

Distillation — 

Oil  to  205«  C.  (%  weight) "       "    2 

210»C.  (*^      *^    ) 


285*>  C. 
SIS'*  C. 
Z5S''  C. 


25 


.("       "      ).... 

.(;;    ;;   ).... 

Coke  ("       "     )'.'/.'. 

Sulphonation  residue  (%  weight) 

Float-test  on  residue  above  855^C. 

at  70''C.   (Inches) Not  over  50 

Sp. gr.  of  fraction  235*C.-815*>C 0.9»-1.02 


10 


Not  less  than  1.06 
Not  over  1 


5 
10 


Not  less  than  65 
Not  over  2 


bbpinbd  tabs  and  solutions. 


Specific  gravity  88«C 1 .03-1 .07 

Free  carbon  benzol  (%  weight) Not  over  2 

Water  (%  volume) "       "    3 

Distillation— 

OUto210'»C.    (%  weight) "       "    8 

285»C.    ('^     ^     ) "       "20 

815*'C.    ("       *•     ) 

855*>C.   ("       "     ) Not  less  than  60 

Coke  ("       "     ) Not  over  10 

Float-test  on  residue,  above  355°C. . 

at  70*>C.  (inches) "       "    50 

Sp.  gr.  of  fraction  235^C.-815^C.  at 

88*/15.5«C 0.98-1.02 


E 
1.05-1.08 
Not  over  2 

"       "     15 
"       •«     60 


0.98-1.02 


F 

1.10-1.14 

Not  over  2 

"       "    8 


Not  le 


5 

15 
40 
I  than  25 


0.98-1.02 


A — Commercial  light  distillate. 

B— National  Electric  Lif  ht  Association. 

C — Conunerdal  heavy  distillate. 

D— A.  E.  R.  A.,  60  %  distillate  solution. 

E — Commercial  50  %  distillate  solution. 

F— Refined  tar  for  wood  block. 
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DiL  A.  L.  Kammerer:  I  might  add  here  that  the  Committee  has 
done  a  great  deal  of  very  long  and  tedious  laboratory  work  in  con- 
nection with  the  compiling  of  the  tables  and  information  on  physical 
characteristics  of  zinc  chloride,  and  the  Chairman  wishes  tc>  take 
this  occasion  to  express  his  thanks  for  the  hearty  co-operation  of 
his  fellow  members  on  the  Committee,  because  they  have  certainly 
worked  long  and  faithfully  in  getting  the  data  together.  I  thank 
you.     lApplause.] 

The  Chairman:  The  Report  of  the  Committee  on  Preservatives 
is  now  open  for  discussion.  I  think  this  is  one  of  the  best  reports 
ever  presented  to  this  Association.  Its  work  on  zinc  chloride  is 
especially  good,  something  that  we  have  needed  for  a  long  while  and 
something  we  ought  to  have  had  long  ago,  but  it  took  this  Committee 
to  put  it  across.    Let  us  have  a  full  discussion  on  this  report. 

Mr.  C.  E.  Gosline  :  I  move  the  adoption  of  the  recommendations 
that  the  Committee  has  made,  and  the  acceptance  of  the  report  as 
information.  I  think  it  is  befitting  that  the  Association  extend  its 
hearty  thanks  for  the  work  that  has  been  done  by  this  Committee. 

Mr.  W.  H.  Kirkbride:  I  wish  to  second  that  motion,  and  in  so 
doing  to  say  that  this  is  a  most  instructive  report.  I  am  a  com- 
paratively new  member  of  this  organization,  and  if  this  is  a  sample 
of  the  reports  that  are  being  issued  by  this  Association,  then  I  wish 
to  compliment  this  Association  as  well  as  the  Committee.  It  is 
mighty  fine. 

The  Chairman:  It  has  been  moved  and  seconded  that  the  re- 
port be  accepted  with  the  recommendations  the  Committee  has 
given  us.  I  would  like  to  call  your  attention  to  this  fact,  that  it  is 
unconstitutional  to  do  this  where  the  information  has  not  been 
distributed  to  our  members  15  days  before  the  annual  meeting.  It 
was  not  possible  to  get  the  Preservative  Report  printed  and  dis- 
tributed 15  days  before  the  annual  meeting.  However,  the  iodine- 
potassium  ferricyanide-starch  method  has  been  published  for  over  a 
year.  Whether  you  think  we  should  consider  that  as  publication  of 
the  Committee  report,  I  do  not  know,  but  as  for  being  able  to  have 
you  submit  the  recommendation  by  letter-ballot,  I  cannot  see  how 
we  can  do  that,  because  the  Constitution  explicitly  states  that  the 
matter  must  be  distributed  at  least  15  days  previous  to  the  annual 
meeting.  We  do  not  want  to  go  astray  of  our  by-laws.  A  little 
discussion  would  be  in  order. 

Dr.  a.  L.  Kammerer:  I  do  not  believe  it  would  be  stretching  a 
point  to  consider  the  iodine-potassium  ferricyanide-starch  test  as 
having  already  been  presented  to  the  Association,  because  it  was 
read  and  discussed  last  year.    I  do  not  believe  that  would  be  grasp- 
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ing  the  straw  of  technicality.    I  would  recommend  that  it  be  pre- 
sented for  adoption. 

The  Chairman  :  Would  it  be  satisfactory  to  all  of  you  to  have 
that  motion  include  only  the  one  recommendation,  the  method  for 
the  starch  test?  Otherwise,  I  do  not  see  how  we  can  go  ahead  with 
this  unless  we  limit  it  to  that  one  recommendation. 

Mr.  O.  C.  Stein  MAYER :  Since  the  second  recommendation  of 
the  Committee  is  nothing  more  than  a  revision  of  the  standard 
ferrocyanide  method  of  analysis,  I  think  that  action  can  be  taken  by 
the  convention  at  this  time. 

The  Chairman:  I  want  to  get  discussion  on  this  point.  We 
want  to  be  clear  on  what  we  are  doing. 

Mr.  L.  C.  Drefahl:  Mr.  Chairman,  as  Mr.  Steinmayer  says,  it 
is  only  a  very  slight  change  from  our  standard  practice;  you  are 
neither  adding  anything  new  nor  taking  anything  out,  and  inas- 
much as  we  are  injecting  no  uncertainty  into  the  matter  I  do  not 
see  but  that  we  are  pretty  safe  to  consider  the  matter. 

Mr.  Walter  Buehler:  Mr.  Chairman,  I  believe  we  do  not  want 
to  be  technical  about  this  matter.  At  the  same  time  there  might  be 
a  question  of  establishing  a  precedent,  which  at  another  meeting 
might  be  very  embarrassing.  It  is  true  that  this  revision  is  very 
slight,  but  at  another  convention  revisions  which  would  be  anything 
but  slight  might  come  before  the  convention  with  the  precedent  es- 
tablished at  this  time  on  which  we  might  have  to  take  similar 
action.  Personally,  I,  of  course,  have  no  objection  to  the  adoption 
of  this  method,  but  1  am  just  simply  pointing  out  the  danger  of 
establishing  a  precedent. 

Mr.  0.  C.  Steinmayer:  Mr.  Chairman,  I  think  the  view  to  take 
in  the  matter  is  this:  Suppose  a  committee  makes  a  report  and  it 
is  amended  by  the  Association  at  the  time  of  the  convention,  cer- 
tainly the  convention  is  not  going  to  refuse  to  accept  that  com- 
mittee's report  for  adoption  in  the  Manual.  Now,  this  revision  is 
something  similar  to  that. 

The  Chairman:     Any  more  discussion  on  this  subject? 

Dr.  a.  L.  Kammerer:  I  might  say  that  really  it  is  not  a  matter 
of  very  great  weight  if  it  is  going  to  involve  a  possible  violation  of 
our  regulations.  The  information  will  be  published  in  the  Pro- 
ceedings, and  will  be  available  for  reference.  I  believe  rather  than 
run  the  risk  of  doing  something  unconstitutional  we  had  better  lay 
it  over  until  next  year. 

The  Chairman:  With  that  understanding  I  will  be  very  glad 
to  have  Mr.  Gosline  make  a  new  motion  suggesting  that  the  iodine- 
potassium  ferricyanide-starch  test  for  determining  zinc  chloride 
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penetration  be  submitted  to  letter-ballot  according  to  Section  2  of 
Article  X  of  the  Constitution,  which  says: 

"The  reports  of  committees  embodyinsr  such  proposals  shall  be  in  order 
for  discussion  at  an  Annual  Meetinsr  and  shall  be  referred  to  letter 
ballot  of  the  Association  if  a  majority  of  the  votes  of  the  Corporate  and 
Honorary  Memk)eis  present  and  voting  is  affirmative.  Any  proposal 
so  submitted  shall  have  the  approval  of  the  Association  if  a  majority  of 
the  votes  cast  upon  it  by  letter  ballot  is  affirmative." 

(This  was  agreed  to  by  Mr.  Gosline  and  his  second.) 

The  Chairman:  It  has  been  moved  and  seconded  that  the  Re- 
port of  the  Xlommittee  on  Preservatives  recommending  that  the 
iodine-potassium  ferricyanide-starch  test  be  submitted  by  letter 
ballot.  All  in  favor  of  that  will  please  say  "aye";  contrary  "no"; 
it  is  so  ordered. 

There  are  some  points  in  this  report  I  would  like  to  have  some 
little  discussion  on.  The  first:  if  what  this  Committee  says  is  true 
that  there  is  some  effect  on  the  strength  of  wood  by  hot  zinc 
chloride  solutions,  why  do  you  use  hot  zinc  chloride  solutions  in 
treating. 

Dr.  a.  L.  Kammere»:  I  do  not  understand  that  was  the  conclu- 
sion. Conclusion  3  refers  to  exposure  to  undue  temperature  after 
treatment.  That  is,  if  the  treated  wood  is  in  the  interior  of  a 
building  exposed  to  temperatures  considerably  higher  than  ordi- 
nary room  temperature  in  close  proximity  to  a  steam-pipe,  for 
instance,  there  would  be  a  marked  decrease  in  strength,  but  I  do 
not  think  it  has  any  reference  to  the  temperature  of  the  solution 
during  treatment. 

The  Chairman:  It  has  been  a  subject  discussed  many,  many 
times,  and  I  was  afraid  someone  might  get  the  impression  from 
that  report  that  was  what  was  meant — that  it  was  the  hot  solution 
used  in  treatment — and  I  was  sure  the  report  did  not  mean  any 
such  thing. 

Then  the  question  of  sampling  at  point  of  shipment.  Is  it  the 
understanding  of  the  Committee  that  it  is  opposed  to  sampling 
fused  zinc  chloride  at  the  point  of  shipment? 

Mr.  L.  C.  DRepahl:  The  Committee  means  that  could  be  ar- 
ranged for,  if  desired.  The  Committee  believes  that  samples  such 
as  furnished  any  of  those  people  who  wanted  samples  of  that  kind 
would  be  one  solution  of  the  problem.  If  anyone  wanted  samples 
of  zinc  chloride  taken  at  point  of  production  those  matters  could  be 
arranged  for. 

The  Chairman:     This  Committee,  under  "Conclusion,"  says: 

"While  it  is  true  that  vertical-retort  tar  is  a  eoal  tar.  and  the  oil 
made  from  it  is  a  coal-tar  creosote,  this  material  cannot  be  accepted  as 
standard  creosote  oil.  It  may  be  as  arood  and  even  better,  but  its  value  as 
a  preservative  is  as  yet  unknown.  It  must  stand  on  its  own  merits, 
which  can  only  be  determined  by  actual  use  and  service  tests." 
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I  would  like  to  have  that  come  up  for  discussion,  whether  it  is 
the  sense  of  the  meeting  that  this  should  be  embodied  as  a  con- 
clusion of  the  Preservatives  Committee  and  admitted  to  the  Manual. 

Mr.  R.  L.  Allardyce:  We  have  used  English  creosote  oil  for 
a  great  many  years,  and  we  have  had  wide  experience  in  regard  to 
preservatives,  and  I  do  not  see  why  we  should  take  up  another  oil 
at  the  present  time,  not  knowing  what  results  we  are  going  to  have. 
We  have  worked  a  good  many  years  with  the  oil  we  have  been  using, 
and  now  to  go  into  something  else  would  be  merely  a  test  propo- 
sition. The  results  we  have  obtained  from  the  English  oil  are  tests 
of  35  or  40  years'  work. 

The  Chairman  :     Any  other  remarks  on  this  report? 

Mr.  a.  R.  Joyce:  The  Committee  defines  "vertical-retort  tar" 
as  a  coal  tar.    Is  that  correct? 

The  Chairman:    They  say  it  in  the  report. 

Mr.  a.  R.  Joyce:  And  they  also  define,  or  have  previously  de- 
fined "creosote  oil"  as  a  product  of  coal  tar? 

The  Chairman  :    I  take  it  so. 

Mr.  a.  R.  Joyce:  In  their  previous  reports  have  they  accepted 
creosote  as  a  preservative? 

The  Chairman:  I  wish  the  Preservatives  Committee  to  be  in- 
terrogated rather  than  me. 

Dr.  a.  L.  Kammerer:  I  think  I  can  easily  say  "yes"  to  that; 
the  Committee  may  not  have,  but  I  think  everybody  has. 

Mr.  a.  R.  Joyce:  Is  it  not  through  the  Service-Records  Com- 
mittee that  the  results  of  coal-tar  creosote  treatment  are  better 
known  rather  than  through  the  Preservatives  Committee? 

Dr.  a.  L.  Kammerer:     Well,  I  guess  that  is  true  in  recent  years. 

Mr.  a.  R.  Joyce:  That  is  the  division  that  apparently  arises  in 
this  "Conclusion" — the  question  as  to  why  the  Preservatives  Com- 
mittee, which  heretofore  has  been  more  of  a  definitive  committee, 
should  suddenly  assume  the  role  of  a  service-records  committee.  I 
would  like  to  have  the  Chairman  explain  the  change  in  attitude. 

Dr.  a.  L.  Kammerer:  The  Committee  really  did  not  consider 
this  point.  The  thought  whether  we  were  over-stepping  our  limits 
or  not  never  occurred  to  us.  If  the  convention  feels  that  in  pro- 
viding for  this  service-test,  and  also  in  stating  that  the  value  of 
the  vertical-tar  is  dependent  on  service-records,  we  have  gone  be- 
yond the  allotted  boundaries  of  the  Committee  on  Preservatives,  I 
suppose  that  part  should  be  eliminated  from  our  report.  The  Com- 
mittee did  not  realize  that  the  limits  of  its  activities  were  so  sharply 
defined.     To  compile  a  lot  of  data  and  information  about  a  new 
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preservative  and  then  refrain  from  offering  a  summary  and  con- 
clusion is  difficult  and  unsatisfactory,  to  say  the  least.  However, 
we  have  no  feeling  in  the  matter  one  way  or  the  other. 

Mr.  Walter  Buehler:  I  feel  that  the  Association  as  an  Asso- 
ciation owes  something  to  the  readers  of  its  publications  and  the 
users  of  preserved  wood.  Now,  if  the  Preservatives  Committee  has 
been  instructed  to  make  a  report  on  preservatives,  unless  there  is 
some  other  committee  that  will  report  on  the  merits  of  preserva- 
tives, it  is  certainly  within  the  province  of  the  Preservatives  Com- 
mittee to  point  out  the  relative  values  of  the  preservatives  upon 
which  it  reports.  Otherwise,  we  will  have  in  our  Proceedings  re- 
ports of  the  Preservatives  Committee  on  a  number  of  preservatives, 
valuable  or  valueless,  with  no  guide  to  the  readers  of  the  Pro- 
ceedings as  to  the  value  of  those  preservatives,  so  if  it  is  not  within 
the  province  of  the  Preservatives  Committee  to  point  this  out,  there 
should  certainly  be  another  committee  so  this  matter  is  taken  care 
of  in  our  publications. 

Mr.  R.  F.  Hosford:  I  think  I  will  have  to  join  in  the  discussion, 
because  I  may  get  a  call  down  in  the  morning  for  doing  about  the 
same  thing.  As  I  look  at  it  the  Committee  found  this  thing  that 
needed  to  be  done  and  started  ahead  to  do  it.  Now,  of  course,  I 
think  it  is  up  to  the  Executive  Committee  to  tell  the  various  work- 
ing committees  just  what  they  are  to  work  on.  It  may  be  the  de- 
cision of  the  Executive  Committee  next  year  that  some  other  com- 
mittee should  follow  service-tests,  etc.,  of  vertical-retort-tar  creo- 
sote, but  I  believe  the  Preservatives  Committee  is  to  be  commended 
and  not  blamed  for  starting  it,  and  I  move  that  the  matter  be  re- 
ferred to  the  Executive  Committee  for  assignment. 

Mr.  John  Foley:  The  Committee's  report  does  not  indicate  that 
they  wish  to  assume  the  job  of  looking  up  service-records.  It  merely 
states  that  none  are  available,  and  it  may  be  assumed  that  the 
Committee  on  Service-Records  will  gather  and  present  for  the  infor- 
mation of  the  Association  and  the  Committee  on  Preservatives  any 
data  which  may  be  procurable. 

In  saying  that  vertical-retort-tar  creosote  is  a  coal-tar  creosote 
and  yet  questioning  its  acceptance  now  as  a  satisfactory  wood-pre- 
serving oil,  it  seems  to  me  that  the  Committee  on  Preservatives  has 
assumed  an  illogical  position.  They  decline  to  approve  the  oil 
merely  because  it  fails  to  meet  the  arbitrary  standards  set  by  the 
Committee  in  connection  with  the  specific  gravities  of  certain  frac- 
tions, about  which  there  has  been  considerable  discussion  and  no 
general  agreement.  There  has  been  used  with  satisfactory  results 
much  imported  oil  that  has  not  met  the  Committee's  gravities, 
which  do  no  more  than  indicate  the  character  of  the  material  from 
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which  the  creosote  has  been  obtained  and  do  not  indicate  anything 
regarding  its  preservative  properties. 

The  Chairman:  This  conclusion  is  certainly  something  new  in 
the  line  of  Preservatives  Committee  reports,  and  it  is  just  a  ques- 
tion whether  we  want  it  understood  or  know  whether  we  are  going 
to  adopt  a  policy  of  having  the  Preservatives  Committee  pass  on 
preservatives.  We,  in  this  Association,  are  supposed  to  treat  wood 
by  preservatives,  enabling  us  to  get  good  service  out  of  the  timber 
treated.  We  are  not  here  to  promote  one  process  or  another.  They 
are  all  excellent  and  can  give  good  results  no  matter  which  one  you 
use,  and  I  dislike  to  see  anything  of  this  character  creep  into  our 
work  unless  it  is  understood  by  all.  I  would  like  to  have  your 
opinion  as  to  whether  we  should  allow  this  conclusion  to  stand  as  a 
part  of  the  Preservatives  Report. 

Mr.  G.  M.  Hunt:  There  is  a  paragraph  in  the  report  that  seems 
to  me  might  clarify  things.    It  says: 

"Creosote  oil  made  from  verticftl-retort  tar  on  fractionation  yidds 
fraetiona  which  fall  below  the  specifio  gravity  requirementa  of  the  A.  W.- 
P.  A.  apeeificationa." 

Well,  that  eliminates  it  then.  They  say  on  another  page  it  can- 
not be  accepted  as  standard  creosote.  They  do  not  say  whether  it 
is  a  grood  or  bad  oil,  they  merely  point  out  the  fact  that  creosote 
oil  does  not  satisfy  our  preservative  specifications. 

Th£  Chairman:     Any  other  remarks  on  this  question? 

Dr.  a.  L.  Kammerer:  Might  I  say  that  if  this  paragraph  seems 
to  be  offensive  to  anyone,  rather  than  have  it  stand  as  it  is,  it  can 
easily  be  modified  so  as  to  take  out  that  element  which  is  objection- 
able. As  Mr.  Hunt  has  just  said,  we  specifically  state  that  oil  from 
vertical-retort  tar  does  not  comply  with  our  standard  specifications 
for  creosote  oil.  I  think,  therefore,  that  the  first  part  of  the  con- 
cluding paragraph  could  stand : 

"While  it  it  true  that  vertical-retort  tar  is  a  coal  tar,  and  the  oil  made 
from  it  it  a  coal-tar  creosote,  this  material  cannot  be  accepted  as  standard 
creosote  oiL" 

I  do  not  know  just  how  to  form  a  motion  on  this  paragraph.  I 
think  the  easiest  way  would  be  to  omit  the  concluding  paragraph 
entirely,  simply  ending  with  the  table,  if  the  Association  so  desires. 
The  Committee  desires  to  withdraw  this  paragraph.  Personally, 
I  do  not  feel  that  it  offends  any  of  our  traditions. 

Mr.  Wauter  Buehler:  It  seems  to  me  that  it  is  up  to  the 
Executive  Committee.  The  question  is  not  in  the  hands  of  the  Pre- 
servatives Committee,  or  a  service-test  committee,  and  as  they 
placed  it  in  the  hands  of  the  Preservatives  Committee  we  should 
stand  by  the  report  of  the  Preservatives  Committee.  I  question  the 
advisability  of  the  report  going  in  without  that  conclusion. 
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The  Chairman  :     Has  Dr.  von  Schrenk  anything  on  this  subject? 

Dr.  Hermann  von  Schrenk:  Personally,  I  do  not  quite  under- 
stand what  this  discussion  is  all  about.  I  read  this  report  through 
very  carefully  and  I  did  not  find  any  fault  with  its  conclusions. 
Of  course,  I  am  not  well  versed  in  the  rules  and  regulations  of  the 
Committees.  They  have  simply  said  there  are  not  any  records 
available. 

Mr.  E.  T.  Howson  :  It  seems  to  me  that  question  is  merely  one 
of  jurisdiction,  and  that  we  should  not  spend  much  time  discussing 
it.  If  it  was  a  question  of  merit  and  conclusion,  that  is  another 
matter.  There  is  no  duplication  of  records  as  I  understand.  The 
Committee  has  studied  the  subject,  therefore,  even  if  the  Com- 
mittee may  have  gotten  out  of  the  customary  channel,  if  the  infor- 
mation is  correct  and  is  valuable,  the  Association  is  indebted  to 
the  Committee  for  bringing  it  in. 

The  Chairman:  Will  someone  make  a  motion  covering  this 
situation  now? 

Mr.  E.  T.  Howson:  I  move  the  acceptance  of  the  whole  of  the 
Com;mittee's  report  as  information. 

Mr.  0.  C.  Steinmayer:     I  second  the  motion. 

Mr.  Walter  BuEHLi»:  Why  is  it  necessary  to  make  a  separate 
motion  as  regards  that  particular  part  of  the  report?  Mr.  Gosline 
first  made  a  motion  to  accept  those  two  recommendations.  He 
changed  that,  but  he  included  in  connection  with  that  first  motion 
that  the  report  be  accepted  as  information,  and  I  understand  his 
only  change  was  to  leave  out  this  one  reconmiendation  as  made. 

The  Chairman:  I  did  not  so  understand  you.  We  will  vote  on 
that  motion:  that  the  iodine-potassium  ferricyanide-starch  test  be 
adopted  as  standard  and  the  balance  of  the  report  be  accepted  as 
information.  All  those  in  favor  say  "aye";  opposed,  "no";  it  is 
carried. 

The  Committee  is  excused  with  thanks. 

The  Chairman  :  The  next  paper  will  be  by  Mr.  R.  G.  Smith,  of 
this  city,  on  "Cresoil,"  a  proposed  wood  preservative. 

(Lantern  slides  are  shown  in  connection  with  Mr.  Smith's  paper.) 

CRESOIL. 
By  R.  Q.  Smith. 

Cresoil  is  the  invention  of  J.  C.  Fitzsimmons,  of  San  Fran- 
cisco, California.  It  consists  of  a  solution  of  mineral  oil,  prefer- 
ably of  an  asphaltic  base,  and  cresoil,  or  cresylic  acid.  For  general 
use  the  solution  should  be  in  the  proportion  of  95%  of  mineral  oil 
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and  5%  of  cresylic  acid  by  volume.  In  special  cases  the  percentage 
of  cresylic  acid  may  be  varied  to  meet  the  conditions  of  the  case. 

The  oil  should  preferably  be  an  asphaltic  residuum  oil  of 
approximately  14**  Baume  gravity  at  60**  F.,  and  the  cresylic  acid 
at  least  9&%  pure. 

The  following  tests  were  made  to  determine  the  suitability 
of  Cresoil  as  a  wood-preservative.  The  tests  were  made  on  Doug- 
las fir  at  the  St.  Helens  Creosoting  Plant,  St.  Helens,  Oregon,  by 
the  courtesy  of  the  former  manager,  Mr.  F.  D.  Beal: 

(1)  Stability  of  Cresoil. 

(2)  Penetration  of  Cresoil  into  the  wood. 

(3)  Toxicity  of  Cresoil  in  comparison  with  creosote. 

(4)  Permanency  of  Cresoil  in  the  wood. 

(5)  Toxicity  of  Cresoil  taken  from  ties  after  evaporation. 

(6)  Service-tests  of  ties. 

(7)  Comparison  of  physical  and  chemical  properties  of 
creosote  and  Cresoil. 

I.r-Stability  of  CresoU. 

The  purpose  of  these  tests  was  to  show  that  there  was  a 
thorough  solution  of  the  cresylic  acid  in  the  mineral  oil,  and  that 
there  would  be  no  separation  of  the  cresylic  acid  from  the  mineral 
oil  in  the  treatment  of  wood,  and  3  separate  experiments  were 
made  to  prove  the  stability  of  Cresoil. 

I. — (a)  To  illustrate  that  Cresoil  is  a  solution  and  not  a 
mechanical  mixture  or  an  emulsion  or  a  supersaturated  solution 
of  liquids  and  solids,  the  following  microphotographs  were  taken: 

(1)  Of  asphaltic  oil  and  cresylic  acid,  showing  a  solution, 

(2)  Of  25%  asphaltum  and  75%  tar,  showing  a  mechan- 
ical mixture, 

(3)  Of  oil  and  water,  showing  an  emulsion, 

(4)  Of  coal-tar  creosote  at  75''  F.,  showing  a  supersat^ 
urated  solution  in  which  the  crystals  have  formed  in 
the  liquid. 


Ffff.  1. — A  Microphotoffraph  of  Asphaltic  Ofl  and  Cresylic  Acid,  Showing  a  Trua 

Solution. 
(Magnification  of  76  diameters.) 
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Fig,  2. — A  Mierophotoffraph  of  26%  Asphaltiiin  and  76%  Tar,  Showing  a 
MechaniciU    Mixture. 
(Maflrniflcation  of  76  diameters.) 


Fig.  8. — A  Microphotograph  of  Asphaltic  Oil  and  Water,   Showing  an  Emulsion. 
(Maflrniflcation  of  75  diameters.) 


Fig.  4.— A  Microphotoflfraph  of  Coal- Tar  Creosote  at  76*   F.,  Showing  a  Super- 
saturated Solution  in  Which  the  Crystals  Have  Formed  in   the  Liquid. 
(Maflrniflcation  of  76  diameters.) 
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The  next  experiment  to  show  the  stability  of  Cresoil  was 
made  in  the  following  manner: 

I. — (b)  During:  a  series  of  treatments  a  sample  of  Cresoil 
was  taken  before  and  after  each  treatment,  and  during  a  series  of 


Fiff.  6. — SMtions  of  Treated  Cross-Tie  Firom  Which  Cnesott  was  Extracted  to  De- 
termine Stability  of  the  Sohition. 

7  treatments  without  any  additions  of  oil  or  Cresoil,  the  following 
was  the  percentage  of  cresylic  acid  by  analysis  in  these  samples: 


Sample  No. 

Percent. 

5.x 

6.5 

6.2 

5.4 

5.4 

6.4 

5.4 
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It  will  thus  be  seen  that  the  mixture  remains  stable  after 
being  continually  heated  under  vacuum,  and  drawn  into  wood  and 
forced  out  again. 

I. —  (c)  The  next  test  on  the  stability  of  the  solution  of  Cresoil 
was  made  by  extracting  the  Cresoil  from  the  different  sections  of 
a  treated  tie,  and  obtaining  the  percentage  of  cresylic  acid  in  the 
solution  after  the  extraction  from  different  sections.  The  samples 
were  made  by  taking  a  section  parallel  to  the  sides  of  the  tie,  as 
indicated  in  Fig.  5. 

«        ,  Cresoil  Cresylic  Acid 

>S,T£f  Location  in  Tie.  Lbs.  per  THj^^^taA 

Nwnbcr.  Cu.  Ft.  in  Wood  (S^  *** 

1  External  rinfr  %  inch  39.6  6.07 

2  %  inch  off  above,  remainina;  26.9  4.9 

5  %      "      "         "  "  8.8  6.1 
4           %      ' "                                           6.76                       6.1 

6  %      '•     "        "  "  1.24  No  petroleum 

oils  or 
cresylic  acid 

Conclusion  — It  will  be  seen  from  these  tests  that  there  has 
been  no  separation  of  the  asphaltic  oil  and  the  cresylic  acid,  for 
it  is  seen  that  the  percentage  of  cresylic  acid  is  constant  through- 
out the  sections,  and  that  in  section  5  there  is  neither  an  asphaltic 
petroleum  oil  nor  a  cresylic  acid,  which  shows  there  is  no  separa- 
tion or  filtering  action  of  the  wood  on  Cresoil.  It  will  also  be  seen 
that  the  oil  penetrated  1%  inches,  and  due  to  the  rebound,  most 
of  the  oil  was  retained  in  the  outer  %  inch,  giving  a  full-cell 
process  for  the  outer  rings. 

2w — Penetration  of  Cresoil  Into  the  Wood. 

The  method  of  treatment  as  developed  by  Mr.  Beal  in  St. 
Helens  gave  good  penetrations  into  Douglas  fir  by  Cresoil.  This 
method  of  treatment  was  only  slightly  different  from  the  ordinary 
creosote  treatment,  in  that  the  grross  absorption  allowed  in  the 
tie  was  much  greater  than  with  creosote,  as  the  ^'rebound"  was 
also  much  greater  than  with  creosote. 

For  instance,  gross  absorption  of  22  lbs.  to  25  lbs.  would 
rebound  to  7  lbs.  to  9  lbs.  net  absorption. 

Under  this  method  of  treatment,  Cresoil  readily  penetrated 
into  the  wood  from  IMt  inches  to  1%  inches  in  depth. 

The  following  illustrations  will  show  this  penetration: 

At  the  present  time,  however,  this  question  of  penetration  and 
equal  distribution  is  being  solved  on  the  Pacific  Coast  by  the  per- 
fection of  the  new  process  of  perforating  Douglas  fir. 

The  following  table  will  show  that  Cresoil  is  more  readily 
injected  into  wood  than  creosote: 
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Treatment. 

Creosote  (full-cell) 
CresoU 


Treatment. 

Creosote  (full-cell) 
Cresoil 


Cbosb-Tibs. 

Hours 
Under  Pressure. 

7 
4 
7 
8 

WoOD-BLOCKa. 

Hours 

Under  Pressure. 

6 

2hi 


Gross  Absorption 
per  Cu.  Ft, 
12.70 
21.38 
22.41 
24.61 


Net  Absorption 

per  Cu.  Ft. 

14 

17 


Conclusion.— From  the  above  tests  it  will  be  seen  that  Cresoil 
can  be  injected  into  wood  (Douglas  fir)  satisfactorily,  and  more 
easily  than  creosote. 


Flir.  8.— Piece  of  Buckeye  From  Which  the  Cultures  Were  Obtained  for  Toxicity 

Tests. 

3.r-Toxicity  of  Cresoil  in  Comparison  Witii  Creosote. 

The  toxic-tests  were  carried  out,  first  on  mixture^  of  fungi 
and  molds,  and  then  on  a  definite  wood -destroying  fungi. 

The  first  test  was  carried  out  on  mixtures  of  fungi  and  molds, 
obtained  from  pieces  of  infected  buckeye  and  live  oak.  The  piece 
of  buckeye  was  very  light  in  weight,  bleached  white,  and  had  lost 
all  appearance  of  grain  or  texture.  It  was  covered  on  the  outside 
with  a  species  known  as  oyster  fungi,  Lentirms  Lepidus.  The  piece 
of  live  oak  was  taken  from  the  heart  of  a  decayed  oak  stump,  and 
was  very  easily  disintegrrated. 

Fig.  8  shows  the  piece  of  buckeye  from  which  the  culture  was 
obtained  in  toxicity  test. 

The  gelatine  for  this  test  was  made  by  dissolving  2%  of  ag^r- 
agar,  2%  of  beef  extract,  and  2%  of  malt  extract  in  boiling  water. 

Cresoil  was  compared  with  Grade  "A"  creosote,  the  result  being 


as  follows : 

Preservative 

Killinfr 

per  Cu.  Ft.  of 

Point. 

Wood  Necessary 
to  Kill  Fungi. 

Per  cent. 

Lbs. 

Cresoil,   5%  solution 

4 

2.6 

Creosote.   Grade   "A" 

9 

6.6 
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The  second  toxicity  test  was  made  on  a  culture  of  Fomes 
Atmosus  obtained  from  Mr.  C.  J.  Humphreys  of  the  Forest  Pro- 
ducts Laboratory  at  Madison,  Wisconsin.    The  following  are  the 

results:  Pre«ervmtiv« 

Kimnff  per  Co.  Ft.  of 

Point.  Wood  NecesMiy 
to  Kill  FungL 
Per  cont.  Lb> 

CrMoil,  5%  solution 1.2  0.76 

Creosote,  Grade  "A" 0.S5  0.22 

From  the  above  tests  it  will  be  seen  that  in  one  case  Cresoil 
was  more  toxic  than  creosote,  and  in  the  other  case  creosote  was 
more  toxic  than  Cresoil,  though  in  both  cases  Cresoil  was  toxic 
enough  for  all  practical  purposes. 

4^— Permanency  of  Cresoil  in  the  Wood. 

Two  tests  were  made  for  permanency  of  Cresoil  in  the  wood, 
one  where  the  cross^ties  were  heated  artificially,  and  the  other 
where  determinations  were  made  on  the  ties  after  a  service-test  m 
the  track. 

Two  ties  treated  with  Cresoil,  5%  solution,  were  taken  from 
the  same  charge.  The  Cresoil  was  extracted  immediately  from 
the  various  sections  of  wood  asl  previously  noted  in  this  report, 
and  the  other  tie  was  placed  above  the  treating  retorts  of  the 
St.  Helens  Creosoting  Plant.  A  tie  treated  with  creosote  also  was 
placed  above  the  treating  retorts  for  comparison. 

The  loss  by  weight  was  as  follows:  The  tie  treated  with 
Cresoil  lost  5  lbs.  by  weight  in  240  days,  and  was  constant  for  at 
least  90  days.  The  tiei  treated  with  creosote  lost  9  lbs.  in  155 
days,  and  11%  lbs.  in  360  days,  losing  M  lb.  in  the  last  60  days. 

Both  ties  were  then  sawed  up  in  the  same  number  of  sections 
as  previously  noted  in  the  report,  and  the  following  are  the  results : 

CBOsa-TiB  Tbeated  with  Cbbsoil. 


CrMoil 

Cresylie  Add 

8-nPte                           lotion  to  Tie. 

Lbs.  per 
Cu.  Ft.  in  Wood. 

in 

Extracted 

Oils. 

1           External  rins  %  inch 

27.2 

1.80 

2             %  inch  off  above,  remaining 

21.4 

1.68 

s         % ' 

17.2 

1.62 

4            %     "     "        •• 

5.7 

1.67 

s         %    

8.4 

trace 

NOTE. — ^Later  experiments  showed 

more 

accurate  methods  of 

obtaining  the  eresyUe  acid  in   CijfsoiU 

and 

these  flffures 

would 

be  increased  O.S%. 

CB088-Tm  Tbbatbd  with 

CBB080TB. 

K^Sbir.                                    I^>^«^»  ^  Ti*- 

Creosote 
Lbs.Der 

Cu.  Ft.  in  Wood. 

1                          External  ring  %  inch 

28.4 

2                         H  inch  off  above,  remaining 

20.0 

S                         H      "     • 

16.1 

4                                       ^        ..        M            .. 

6.6 

Digitized  by  LjOOQ IC 


American  Wood-Pbeservers'  Association      141 

The  distillation  of  the  creosote  before  and  after  evaporation 
of  the  creosoted  tie  is  as  follows: 


Frmetion 
Number. 

Ranse. 

Before 

BTaporation. 

Per  cent. 

After 

Evaporation. 

Per  cent. 

1 

Up  to  206*  C. 

4.2 

0.6 

2 

206-246''  C. 

24.2 

17.0 

S 

246-27a»  C. 

9.2 

16.0 

4 

270-«20»  C. 

17.4 

28.6 

82O^40»  C. 

18.1 

Residue  at  240«C. 

22.5 

820-460*  C. 

-— 

21.7 

Residue  at  460*  C. 



21.2 

It  will  be  noted  that  creosote  has  lost  most  of  the  highly  toxic 
agents,  such  as  tar  acids. 

Conclusion. — The  loss  due  to  evaporation  with  Cresoil  is 
shown  to  be  less  than  one  half  the  amount  with  creosote. 

5^— Toxicity  of  Cresoil  Taken  From  Ties  After  Evaporation. 

After  the  preservatives  had  been  taken  from  the  cross-ties 
that  had  been  evaporated  down  to  constant  weight,  toxic-tests 
were  made  on  these  preservatives,  and  it  was  found  that  approx- 
imately 3  times  as  much  of  each  of  the  preservatives  was  needed 
to  kill  the  fungi  used  in  the  previous  toxic  experiments,  the  results 
being  as  follows: 

FuNOi  noM  RoTTiNO  Wood. 


KiUins 
Point 

Preservative 
Per  Cu.  Ft. 

Preservative  per  Cu.   Ft.   to 
Section  as  Shown  in  Fifr 

Each 
.  8. 

(1) 

(2) 

(8) 

(4)     1     (5) 

Ciesoil 

Per  cent. 
12 
28 

Lbs. 

7.6 

14.8 

Lbs. 
27.2 
28.4 

Lbs. 
21.4 
20.0 

Lbs. 
17.2 

Lbs. 
R7 

Lbs. 

Craoeote 

16.1           K.K 

CULTURI    OP    FOMK    AnNOSUS. 


KiUinsr 
Point 

Preservative 
Per  Cu.  Ft 

Preservative  per  Cu.   Ft   to  Bach 
Section  as  Shown  in  Fiff.  8. 

(1) 

(2) 

(8) 

(4) 

(6) 

Cresoil 

Percent 
4.0 
0.9 

Lbs. 
2.2 
0.66 

Lbs. 
27.2 
28.4 

Lbs. 
21.4 
20.0 

Lbs. 
17.2 
16.1 

Lbs. 
6.7 
6.6 

Lbs. 
8.4 

OMosote 
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It  will  thus  be  seen  that  even  under  the  worst  possible  condi- 
tions of  the  fungi  from  the  rotting  wood,  there  is  su£9cient  Cresoil 
and  creosote  in  the  first  3  sections  to  kill  all  fungi,  so  that  the 
fungi  could  not  penetrate  into  the  heart  of  the  wood.  In  the  toxic- 
tests  on  the  culture  of  Fomes  Armosus,  it  would  be  seen  that  there 
is  sufficient  Cresoil  and  creosote  in  the  first  4  sections  to  kill  the 
culture. 

It  will  be  noted  that  after  evaporation  has  taken  place,  Cresoil 
with  5%  solution  of  cresylic  acid  is  comparable  in  every  way  to 
creosote,  and  the  advantage  of  the  Cresoil  is  that  the  toxicity  can 
be  increased  to  any  amount  necessary  to  suit  the  condition.  It 
will  be  noted  also  that  the  loss  in  toxic  properties  is  in  the  same 
ratio. 

6w— Service-Tests  of  Cross-Ties. 

In  the  second  test  on  the  permanency  of  Cresoil  in  the  wood, 
2  ties  were  taken  after  service  in  the  tracks  of  the  Chicago,  Mil- 
waukee &  St.  Paul,  and  Spokane,  Portland  &  Seattle  Railroads, 
respectively. 


Fig.  6.— Cresoil  6%  Mixturre.    Green  Douglas-Fir  Tie.    GroBs  Absorption,  22.4  Lbs. 
Per  Cabie  Foot.    Net  Absorption.  7  Lbs.  Per  Cubic  Foot. 
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FUr.  7. — Cresoil  5%  Mixture.  Green  Douslas-Fir  Tie.     Gitws  Absorption,  21.98  Lbe. 
Per  Cubic  Foot.     Net  Absorption,  9.16  Lbe.  Per  Cubic  Foot. 

Chicago,  Milwaukee  &  St.  Paul  Railroad.—Iii  1915  rail- 
road ties  treated  with  5%  solution  of  Cresoil  were  supplied  to  the 
Chicago,  Milwaukee  &  St.  Paul  Railroad.  Mr.  J.  F.  Pinson,  Dis- 
trict Engineer  at  Seattle,  Wash.,  stated  that  "these  ties  were 
placed  in  the  track  4  miles  west  of  Lind,  Wash.,  in  what  is  known 
as  a  semi-arid  portion  of  the  State.  During  the  summer  time  it  is 
very  dry  and  hot  in  that  section,  and  during  the  winter  there  is 
some  rainfall,  though  not  excessive.  The  soil  is  mostly  volcanic 
ash,  and  we  find  that  untreated  timber  decays  very  rapidly,  and 
will  last  ordinarily  not  to  exceed  8  years." 

A  tie  marked  "M-52"  was  taken  from  this  track,  and  received 
on  January  3,  1919,  in  good  condition,  showing  no  signs  of  decay. 
The  object  of  the  examination  was  to  determine  the  percentage  of 
cresylic  acid  left  in  the  Cresoil,  and  to  determine  the  toxic  value 
of  the  preservative  left  in  the  tie. 

The  ties  were  sawed  in  half.  Several  cross-sections  were 
cut  oif  each  tie,  and  part  of  the  ties  sawed  up  in  order  to  get  them 
into  sawdust  so  that  the  preservative  could  be  extracted. 

The  percentage  of  the  cresoils  left  in  the  tie  averaged  2AS7< . 

The  toxic  properties  were  measured  against  Fomes  Annosus, 
samples  of  which  were  received  from  the  Forest  Products  Labora- 
tory at  Madison,  Wisconsin. 
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The  following  shows  comparison  of  toxic  properties  of  the 
original  solution  and  the  solution  left  in  the  tie: 

PretervatiTe 
Killing        per  Cu.  Ft.  of 
Point.         Wood  NeecManr 
to  KUl  Funsi. 
Per  cent.  Lbs. 

Cresoil  6%  solutioii 1^  0.76 

Preservative  left  in  tie.  2.48%  solu- 
tion Cresoil 4.1  2.6 

Spokane,  Portland  A  Seattle  Railboad. — Ties  were  supplied 
at  the  sama  time,  in  1915,  to  the  Spokane,  Portland  &  Seattle 
Railroad,  being  treated  with  a  5%  solution  of  Cresoil.  In  a  letter 
from  Mr.  E.  E.  Lilley,  Assistant  General  Manager  at  Portland, 
Oregon,  he  stated  that  these  ties  were  placed  in  a  track  approx- 
imately 300  feet  east  from  Mile  Post  105,  that  the  track  is  bal- 
lasted, and  subject  to  a  continuous  covering  of  blow-sand,  owing 
to  the  surrounding  conditions  and  prevailing  wind. 

The  district  has  a  very  hot  summer  and  varying  dry  winter 
weather,  with  freezing  an  exception. 

The  Superintendent  of  Maintenance  of  Way  stated  that  5 
years  would  reduce  an  untreated  7x9  tie  to  such  a  condition  as  to 
make  its  use  of  no  value  in  the  support  of  the  track. 

The  ties  under  consideration  were  put  in  the  track  at  a  point 
where  the  life  of  a  tie  was  as  short  as  anywhere  in  the  district. 

A  tie  marked  "No.  18  A-2"  was  received  about  January  1, 
1919,  taken  from  this  set  of  ties,  and  it  was  in  splendid  condition, 
with  no  signs  of  decay. 

The  percentage  of  cresoils  left  in  the  tie  averaged  2.23%. 

The  toxic  properties  were  measured  against  Fomes  Anvnoevs, 
and  the  following  table  shows  the  comparison  of  the  toxic  proper- 
ties of  the  original  solution,  and  the  solution  left  in  the  tie : 

Preservative 
KiUins        per  Cu.  Ft.  of 
Point.         Wood  Neeessanr 
to  Kill  Funsi. 
Per  cent.  Lbs. 

Cresoil,  6%  solution 1.2  0.76 

Preservative  left  in  tie.  2.28%  solu- 
tion Cresoil 4.8  8.0 

The  following  would  be  the  approximate  amounts  of  preserva- 
tive per  cubic  foot  in  the  sections  of  a  tie,  beginning  from  the 
outside. 

Section  No.            Inch.  Approximate  Pounds. 

1  %  i6 

2  %  20 
8  %  16 
4  ^                                    6 

It  will  thus  be  seen  that  the  toxic  value  of  the  Cresoil  in  the 
tie  after  having  been  in  service  approximately  4  years  has  still 
a  very  wide  margin,  or  factor  of  safety,  in  toxic  value. 
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7w— Comparison  of  Physical  and  Clieniicai  Properties  of  Creosote 

and  Cresoil. 

Viscosity — Fig.  9  shows  the  viscosity  temperature  curves  of 
Grade  "A"  creosote  and  Cresoil.  The  viscosity  in  Englers  is  as 
follows: 


CreoBote 
CresoiU   i 


Temperature  70**  F.    Temperature  200*  F. 
6  1.6 

500  6.0 


solution 

It  will  be  seen  that  at  ordinary  temperatures  Cresoil,  5% 
solution,  is  many  times  more  viscuous  than  Grade  "A"  creosote,  and 
for  this  reason  will  not  bleed,  but  will  remain  solid  in  place. 

At  treating  temperatures  of  approximately  200°  F.,  the  vis- 
cosity of  Cresoil  approaches  closely  that  of  creosote  which  makes 
it  easier  workable  at  treating  temperatures. 


Sfbcific  Gravity. — The  specific  gravity  or  weight  per  cubic 
foot  is  much  less  with  Cresoil  than  with  coal-tar  creosote,  so  with 
specifications  calling  for  pounds  per  cubic  foot,  the  volume  of  oil 
injected  into  the  wood  is  about  14%  greater. 

Speeifie  Gravity  Specific  Gravitj 

at  70*  F.  at  200*  F. 

Creosote    1.076  1.011 

Cresoil   6%   solution 0.9790=18»  Be.  0.9440=18"  Be. 

Coefficient  of  Expansion — The  coefficient  of  expansion  is 
approximately  15%  less  with  Cresoil  than  with  coal-tar  creosote, 
which  would  make  it  less  liable  to  bleed  in  hot  weather.  The  coef- 
ficient of  expansion  of  creosote  is  .00044,  and  of  Cresoil,  6%  solu- 
tion, is  .00038. 
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Surface  Tension — The  surface  tension  taken  by  the  drop 
weight  method  is  as  follows: 

Temperature.  Dsmes  per  Centimeter. 

Decrees  F.  CreoBote.         Cresoil. 
70  89.84  86.64 

120  87.78  80.77 

200  87.40  27.49 

The    physical    and    chemical    characteristics    of    Cresoil    and 
creosote  are  shown  in  the  analytical  diagram,  Fig.  10. 
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General  Summary  of  Conclusions. 

We  believe  that  the  following  points  have  been  conclusively 
proved: 

(1)  That  Cresoil  is  a  stable  solution,  which  does  not 
separate  in  the  treatment  of  wood,  or  in  the  wood 
itself. 

(2)  That  Cresoil  can  be  readily  injected)  into  the  most 
refractive  woods,  such  as  Douglas  fir. 

(3)  That  the  toxicity  of  the  5%  solution  compares  fav- 
orably with  creosote,  and  is  sufficient  for  all  practical 
purposes. 

(4)  That  Cresoil  does  not  evaporate  from  the  wood  as 
readily  as  creosote,  and  loses  its  toxic  values  slowly, 
about  in  the  same  ratio  as  creosote. 

From  this  general  summary  of  conclusions,  Cresoil  should 
make  as  equally  favorable  a  wood-preservative  as  creosote. 

The  Chairman:  Gentlemen,  you  have  heard  Mr.  Smith's  able 
article  on  cresoil.  Are  there  any  questions  on  this  paper  at  this 
time? 

Mr.  R.  F.  Hosford:  I  would  like  to  ask  a  question  about  the 
number  of  ties  placed  in  these  two  cases :  what  is  the  history  of  the 
other  ties  which  were  placed? 

Mb.  R.  G.  Smith:  I  think  there  were  about — I  am  not  quite 
sure,  the  St.  Helens  people  have  the  record — 25  ties.  There  was 
an  experimental  lot  sent  to  both  railroads. 

Mb.  R.  F.  Hosfobd:     What  is  the  history  of  the  rest  of  them? 

Mb.  R.  G.  Smith:  We  asked  them  to  pick  out  a  sample  tie. 
They  picked  out  the  tie  to  send  us  to  see  how  much  of  the  pre- 
servative was  left.  We  have  no  history  of  the  rest  of  them;  they 
were  all  placed  together,  and  the  tie  was  supposed  to  be  a  repre- 
sentative sample.  The  history  could  be  obtained  straight  from 
the  railroad. 

Mb.  a.  a.  Bbown:  I  would  like  to  ask  whether  there  were  any 
service-tests  in  the  use  of  cresoil  in  treated  piles. 

Mb.  R.  G.  Smith:  I  believe  Mr.  Nicholson  in  Seattle  arranged 
for  a  test  on  Puget  Sound  this  year.  Mr.  Nicholson  's  Port 
Engineer  of  Seattle. 

The  Chaibman:  Any  other  questions  to  be  asked  of  Mr.  Smith? 
Our  time  is  limited  and  we  must  hurry  on  with  our  program. 

We  will  thank  Mr.  Smith  for  his  paper  and  turn  to  the  next 
subject,  which  will  be  the  Report  of  Sub-Committee  No.  7-1  on 
Track.  Mr.  Cooper  is  Chairman  of  this  Sub-Committee,  and  we  ask 
that  he  make  his  report  at  this  time. 

(Mr.  Jovce  resumes  the  Chair.) 
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report  of  sub-committbb  no.  7-1— track 

To  the  Members  of  the  American  Wood-Preservers*  AssocuUion: 

In  handing  this  report  your  Committee  would  call  attention  to 
the  reports  submitted  by  the  Chicago,  Rock  Island  &  Pacific  Rail- 
way Company,  St  Louis-San  Francisco  Railway  Company,  Balti- 
more &  Ohio  Railroad  Company,  Santa  Fe  System,  and  the  Chicago, 
Indianapolis  &  Louisville  Railway  which  are  made  up  from  test 
sections,  and  your  Committee  would  recommend  that  this  manner 
of  making  up  reports  be  followed  in  the  future  by  all  railroads  sub- 
mitting reports. 

Your  Committee  feels  that  in  adopting  this  method  much  more 
reliable  data  are  obtained,  for  the  reason  that  a  record  of  each  par- 
ticular tie  in  these  sections  is  kept,  and,  furthermore,  a  close  super- 
vision is  kept  over  these  sections,  enabling  those  responsible  to  keep 
a  close  supervision  both  in  tie  renewals  and  tie  removals. 

Your  Committee  also  feels  that  it  is  a  distinct  advantage  in  re- 
porting to  keep  each  class  of  wood  used  in  these  sections  separately, 
as  by  so  doing  the  average  life  of  each  kind  of  wood  may  be  easily 
determined. 

While  it  is  possible  that  the  form  used  might  be  improved  upon, 
your  Committee  would  suggest  that  next  year  the  Committee  ap- 
pointed be  instructed  to  follow  up  this  question  with  the  view  of 
having  this  form,  or  one  similar,  adopted  by  all  roads  as  standard, 
which,  in  the  opinion  of  your  Committee,  would  result  in  making 
the  reports  of  more  value  to  all  concerned. 

On  account  of  there  having  been  no  material  change  in  the  test- 
records  as  published  and  provided  by  the  Forest  Products  Labora- 
tory at  Madison,  and  on  account  of  the  expense  of  printing  same, 
your  Committee  has  decided  that  it  will  not  go  to  the  expense  this 
year,  it  being  understood  that  the  records  will  be  kept  up  in  good 
shape,  and  if  there  are  any  material  changes  by  next  year  they 
will  be  published. 

S.  D.  Cooper,  Chairman, 

G.  C.  Dixon, 

C.  F.  Ford, 

O.  C.  Steinmayer, 

Earl  Stimson, 

T.  G.  Stull. 
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Special  Cross-Tie  Tests  on  the  Santa  Fe  System. 


Station  or 


Kind  of 
Wood 


Treat- 
ment 


Location 
M.P.  and  Feet  to  M.P.  and  Ftet 


Maroeline,  Mo 

Sutton,  Kans 

Ponca  City,  Okla 

BIifli,Okla 

Perry,  Okla ,.. 

Perry,  Okla 

Gamett,  Kana 

Argonia,  Kana 

Hutchinson  Cutoff 

Hutchinson  Main  line 

Plema,  Kans 

Plevna,  Kana 

Ottawa  Cutoir 

Smithahlre,  III 

Maroeline,  Mo 

Tecunuwh,  Kana 

Newton,  Kana 

Newton,  Kana 

Newton,  Kana 

Newton,  Kana 

Newton,  Kana 

Hutchinson  Cutoff 

Hutchinson  Cutoff 

Hutchinson  Cutoff 

Hutchinson  Cutoff 

Hutchinson  Cutoff 

Hutchinson  Cutoff 

Newton,  Kana 

Newton,  Kans 

Newton,  Kans 

Walton,  Kans 

Newton,  Kans 

Walton,  Kans 

Walton,  Kans 

Tumer-Holliday 

Tumei^HolUday 

Tumer-Holliday 

Tumer^HolUday 

Tumer-Holliday 

Clements,  Kans 


Hewn  Pine 
Hewn  Pine 
Hewn  Pine 
Sawn  Pine 
Hewn  Pine 
Sawn  Pine 
Sawn  Pine 
Sawn  Pine 
Sawn  Gum 
Sawn  Gum 
Sawn  Gum 
Sawn  R.Oak 
Hewn  Pine 
Sawn  Beech 
Sawn  Beech 
Sawn  Beech 
Sawn  Beech 
Hewn  Pine 
Sawn  Pine 
Hewn  R.Oak 
Sawn  Gum 
Hewn  Pine 
Sawn  Pine 
Hewn  Gum 
HewnOhia 
Sawn  Ohia 
Hewn  Pine 
Hewn  Pine 
Hewn  Pine 
Sawn  Pine 
Hewn  Pine 
Sawn  Pine 
Sawn  Pine 
Hewn  Oak 
Hewn  Pine 
Sawn  Pine 
Hewn  Pine 
Sawn  Pine 
Hewn  Oak 
Hewn  Pine 


R 
R 
R 
R 
R 
R 
R 
R 
R 
Ri 
R 
R 
R 
R 
R 
R 
R 
R 
R 
R 
R 
R 
R 
R 

Untreated 

Rueping 

Burnett 

Burnett 

Burnett 

Rueping 

Burnett 

Rueping 

Rueping 

Burnett 

Burnett 

Rueping 

Rueping. . . 

Rueping 

Rueping 


848 
486 


297 
828 


264 
219 
219 
240 
240 

80 
201 
849 

47 
181 
188 
188 
188 
188 
247 
247 
247 
267 
267 
290 
179 
179 
179 
173 
179 
173 
173 


800 


2506 

2600 

4754 

246 

5274 

6274 

486 

1680 

0 

1160 

8696 

8696 

0 

2640 

1820 

4980 

2640 

2640 

2640 

2640 

2640 

1608 

1608 

1608 

0 

0 

0 

264 

264 

264 

0 

264 

0 

0 

0 

0 

0 

0 

0 


848  .  2888 


87 


8166 


268 

268 

294 

184 

184 

184 

178 

184 

178 

178 

18 

12 

18 

9 

10 


0 
0 
1820 
3086 
8036 
8086 
1820 
8036 
1320 
1320 
0 

0 
0 
0 


Digitized  by  LjOOQ IC 


150 


Seventeenth  Annual  Meeting 


Special  Cross-Tie  Tests  on  the  Santa  Fb  System  (Continued). 


Station  or 

Number 
Oriri- 
nally 

Inserted 

Date 
Inserted 

Now 
in  Track 

Number  Removed — Rotten 

Une 

1915 

1916 

1917 

1918 

1919 

1920 

Marceline,  Mo 

804 
44 

190 

276 

27 

866 

884 

872 

890 

280 

262 

62 

24288 

884 

99 

160 

151 

149 

161 

150 

160 

41021 

9486 

14497 

182 

108 

18600 

6867 

9261 

2617 

10994 

40 

1894 

4896 

4640 

686 

8794 

466 

2864 

166 

1906 
1905 
1904 
1904 
1904 
1904 
1906 
1906 
1907 
1907 
1907 
1907 
1906 
1912 
1912 
1912 
1912 
1918 
1918 
1918 
1918 
1910 
1910 
1910 
1910 
1910 
1910 
1904 
1906 
1904 
1917 
1906 
1917 
1917 
1918 
1918 
1918 
1918 
1918 
1904 

184 

0 

181 

287 

27 

859 

800 

880 

876 

214 

246 

41 

28881 

879 

99 

160 

161 

149 

161 

149 

160 

40828 

9206 

14496 

182 

106 

18692 

14 

1780 

124 

10994 

2 

1894 

4895 

4640 

686 

8712 

466 

2864 

166 

8 

Sutton.  KuM 

Ponca  City,  Olda 

Bliss  Okla           .    . . 

6 

Perrv.  Okla           

8 

Garnett,  Kans 

Argonia,  Kans 

Hutchinson  Cutoff, , 

26 

12 
4 
4 

22 
20 

1 

Hutchinson  Main  Une 

.... 

Plevna,  Kans 

Plevna,  Kans 



Ottawa  Cutoff 

Smithshire,  111 

Marceline.  Mo 

Newton,  Kans 

Newton,  Kans 

Newton.  Kans 

itoff . . . 

itoff... 

itoff... 

itoff. . . 

.... 

Itoff. . . 

itoff 

2267 
2246 
1054 

219 
672 
849 

640 

484 

86 

1904 
140 
176 

3092 
117 

16 

6 

18 

»y 

»y 

ly 

ly 

ly 

iS 



.... 

. . . . 
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Special  Cross-Tie  Tests  on  the  Santa  Fe  System  (Continued). 


Number  Removed 

Station  or  line 

Mechanical  Wear 

Experimental  Purpoaes 

1915 

1916 

1917 

1918 

1919 

1920 

1916 

1917 

1919 

1920 

ICareeline,  Mo . . 

12 
4 
6 
6 

6 

16 

1 

"ii' 

27 

10 
22 

2 

Sutton,  Kans 

Ponca  City,  Okla 

2 

BlkB,  OUa 

6 

2 



8 



Perry,  Okla 

Perry,  Okla 

3 

Garnett,  Kane 

12 
98 

10 

2 

Argonia,  Kana 

66 

4 
6 

Hutchinaon  Cutoff 

HutchLuon  Main  Line. . . 

16 

Plevna,  Kana 

3 

1 

1 

16 

Pleyna,  Kana 

Ottawa  Cutoff 

Smithahire,  111 

Marceiine,  Mo 

Tecumaeh,  Kana 

Newton,  Kana 

Newton,  Kana 

Newton,  Kana 

Newton,  Kana 





Hutchinaon  Cutoff 

6 

82 
9 

4 

Hutchinaon  Cutoff 

Hutchinaon  Cutoff 

Newton,  Kana 

1428 
136 
612 

Newton,  Kana 

601 

Newton,  Kana 

Walton,  Kana 

Newton,  Kana 

3 

Walton,  Kana 

Walton,  Kana 

Tumer-'Holliday 

Tumer-Holliday 

Tumei^Holliday 

Tumer-Holliday 

Tumer-HoUiday 

Clementa,  Kana 

6 

Digitized  by  LjOOQ IC 


152 


Seventeenth  Annual  Meeting 


Special  Cross-Tie  Tests  on  the  Santa  Fe  System  (Continued). 


SUtion  or. 

Number  Removed— Other  Causes 

Date 
Last 
Inspec- 
tion 

Kind  of 

line 

1916 

1917 

1918 

1919 

1920 

Total 

Ballast 

M AToeline.  Mo 

90 

170 
44 

9 

88 

0 

7 

84 

242 

16 

16 

17 

11 

867 

6 

0 

0 

0 

0 

0 

1 

0 

198 

280 

2 

0 

2 

8 

6848 

7471 

2898 

0 

88 

0 

0 

0 

0 

82 

0 

0 

9 

9-28-20 

9-29-20 

9-29-20 

9-80-20 

9-80-20 

10-  6-20 

10-  1-20 

9-22-20 

9-22-20 

9-22-20 

9-22-20 

9-28-20 

9-24-20 

9-28-20 

9-22-20 

9-28-20 

9-28-20 

9-28-20 

9-28-20 

9-28-20 

9-28-20 

9-28-20 

9-28-20 

-9-28-20 

9-26-20 

9-27-20 

9-28-20 

9-28-20 

9-28-20 

9-29-20 

9-28-20 

9-29-20 

9-29-20 

10-  4-20 

10-  4-20 

10-  4-20 

10-  4-20 

10-  4-20 

10-  6-20 

Gravel 

SattoHf  Kans 

fSf, 

Ponca  City.  Okla 

RliM,  Okla        

11 

Rock 

Perry,  Okla 

Rock 

Penyi  Okia 

Rock 

Gametti  Kans 

Rock 

Argonia,  Kaoa 

60 

Rock 

4 

Rock 

Hutchinaon  Main  Line 

Cinder 

Plevna,  Kana 

18 

10 

816 

4 

Rock 

Plevna,  Kana 

Rock 

btUwa  Cutoff 

Smithahire,  111 

7 

8 

8 

"i" 

Rock 
Gravel 

Marceline,  Mo 

Gravel 

Tecunaneh,  Kana 

Rock 

Newton,  ivpm 

Rock 

Newtoni  Kana 

Rock 

Newton,  Kana 

Rock 

Newton,  Kana 

1 

Rock 

Newton,  Kani 

Rock 

Hutchinson  Cutoff. . . . 

76 

♦8 

t72 

22i 

1 

Rock 
Rock 

Hutchinson  Cutoff 

Rock 

Hutchinson  Cutoff .... 

Rock 

Hutchinson  Cutoff 

2 
6 

Rock 

Hutdiinson  Cutoff 

2 

Rock 

Newton,  Kans 

Rock 

Newton,  Kana 

60 

Rock 

Newton,  Kans 

Rock 

Walton,  Kans 

Rock 

Newton,  Kana 

ScraeninffP 

Walton,  Kana 

Walton,  Kans 

Scrw>nings 

Tumer-Holliday 

Cinder 

Tumer-Hoiiiday 

Rode 

Tumer-Holliday 

81 

Rock 

Tumer-Holliday 

Rock 

Tumer-Holliday 

Rock 

Clements,  Kana 

Rock 

*  70  removed  account  changing  switch, 
t   8bumed. 
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Spbcial  Cross-Tie  Tests  on  the  Santa  Fb  System  (Continued). 


Statioii  or  line 

RaU 

Sise 

of 

Tie-Plate 

Tiea 

Kind 

of 
Spike 

Tone 
Trafllcper 

Aawum 

Sea. 
aon- 

Int. 
Ina. 

Vac 
Time 
Min. 

ICaroeline,  Mo 

85 
85 
90 
90 
90 
90 
90 
90 
90 
85 
90 
90 
90 
90 
90 
90 
90 
85 
85 
85 
86 
90 
90 
90 
90 
90 
90 
85 
86 
85 
85 
90 
90 
90 
85 
85 
85 
86 
85 
90 

6  Jc8-7|z9 
6  z8-7lz9 

8200 
8200 
8200 
8200 
8200 
8200 
8200 
8200 
8200 
8200 
8200 
8200 
8200 
8200 
8200 
8200 
8200 
8200 
8200 
8200 
8200 
8200 
8200 
8200 
8200 
8200 
8200 
8200 
3200 
8200 
8200 
8200 
8200 
8200 
8200 
8200 
8200 
8200 
8200 
8200 

Cut 

Cut 

Cut 

Cut 

Cut 

Cut 

Cut 

Cut 

Cut 

Cut 

Cut 

Cut 

Cut 

Cut 

Cut 

Cut 

Cut 

Cut 

Cut 

Cut 

Cut 

Screw 

Screw 

Screw 

Screw 

Screw 

Screw 

Cut 

Cut 

Cut 

Cut 

CAS 

Screw 

Screw 

Cut 

Cut 

Cut 

Cut 

Cut 

Cut 

10,869.895 

6.499.249 

2.550.296 

2.550.296 

2.550.296 

2.550.296 

4.821.890 

5.181.506 

4.904.181 

8.008.686 

4.904.161 

4.904.161 

14,827.691 

10.172.186 

10.869,896 

5,902,490 

15.084,756 

15,084,755 

15,084,756 

16,084,755 

15,084.765 

4,904,161 

4.904.161 

4.904.161 

4.904,161 

4,904,161 

4,904,161 

16,084,756 

15,034,765 

15,084,766 

15,034,766 

16,084,755 

15,084,766 

15,084.765 

47,966,856 

47,966,866 

47,966,866 

47,966.866 

47,966,856 

15,034.765 

Air 
Air 
Air 
Air 
Air 
Air 
Air 
Air 
Air 
Air 
Air 
Air 
Air 
Air 
Air 
Air 
Air 
Air 
Air 
Air 
Air 
Air 
Air 
Air 
Air 
Air 
Air 
Air 
Air 
Air 
Air 
Air 
Air 
Air 
Air 
Air 
Air 
Air 
Air 
Air 

Satton.  Kiuif 

Ponea  City.  Okla 

|z9     ' 
z9 
z9 
x9 

z9 
z9 
z9 
z9 
x9 
z9 

BliM.OUm 

Pwry.  Oklm 

GmrMtt,Kaiis 

Arnmia.  Kaxu 

HatefaiBaon  Main  Line 

Plema.  Kana 

Plevna.  Kana 

Ottawa  Cotoff 

6  Jc8-7|x9 
6  x8-71zfi 

Smithshire.  ni 

MaroeUne.Mo 

Tecumaefa.  Kane 

Newton.  Kana 

Newton.  Kane 

x9     " 

x9 

z9 

x9 

z9 

z9 

z9 

z9 

x9 

x9 

x9 

z9 

x9 

x9 

x9 

z9 

z9 

x9 

z9 

z9 

z9 

x9 

z9 

Newton.  Kana 

Newton,  Kana 

Newton,  Kana 

Hutchinaon  Cutoff. . . . 

Hutchinaon  Cutoff. . . . 

Hutchinaon  Cutoff 

Hutchinaon  Cutoff 

::::* 

Hutchinson  Cutoff 

Newton,  Kana 

Newton,  Kana 

Newton,  Kana 

Walton,  Kana 

Newton.  Kana 

24 
24 
24 
24 

46 
45 
45 
46 

Walton.  Kana 

Walton.  Kana 

1 

Turner-Holliday 

Tunier-HoUiday 

Turner-Holliday 

22 
28 

80 
80 

Tumer-Holliday 

Tumer-HoUiday 

Clementa,  Kana 
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Special  Cross-Tie  Tests  on  the  Santa  Fb  System  (Concluded). 


Station  or  Line 

Steam 

Air 

Pressure 

Temp. 
Re- 
tort 
•P. 

Fin. 
Ins. 

Vac. 
Time 

Lbs. 
Cre- 
os. 

ZnC^s 

Lbs. 

Time 

Lbs. 

Time 

Lbs. 

Time 

Maroeline,  Mo 

60 

60 

60 

66 

60 

65 

65 

65 

100 

100 

100 

100 

75 

60 

60 

60 

60 

85 

96 

40 

60 

85 

66 

100 

46 
46 
46 
60 
46 
60 
50 
60 
80 
80 
80 
80 
80 
25 
25 
26 
25 
26 
26 
26 
26 
26 
26 
80 

104 
104 
104 
104 
104 
104 
104 
104 
200 
200 
200 
200 
160 
176 
176 
176 
176 
176 
176 
200 
176 
175 
176 
176 

1'46" 
1'46" 
1'46" 
2*15" 
1'46" 
2'15" 
2'16" 
2*15" 
2'80" 
2'80" 
2'80" 
2^0" 
1'46" 
S'OO" 
S'OO" 
S'OO" 
S'OO" 
1'45" 
1'46" 
3'80" 
2'45" 
1'46" 
1'46" 
S'OO" 

120 
120 
120 
122 
120 
122 
122 
122 
186 
186 
186 
186 
172 
168 
168 
168 
168 
190 
190 
190 
195 
194 
194 
194 

4.66 
4.66 
4.56 
8.98 
4.66 
8.98 
3.98 
8.98 
6.00 
5.00 
5.00 
5.00 
5.00 
3.72 

3!72 
8.72 
5.00 
5.00 
5.00 
5.00 
6.00 
5.00 
6.00 

Sutton,  Kip^nf ........ 

Ponca  City.  Oklm 

BliM^Oklm 

Perry,  Okla 

PenyjOkla 

G^mett,  Kan* 

Argonia,  Kani 

'28' 
28 
28 
28 
22 
29 
29 
29 
29 
28 
28 
28 
28 
22 
22 
28 

I'SO" 
1'80" 
1'80" 
1'16" 
1'80" 
1'80" 
1'80" 
1'30" 
I'SO" 
1'80" 
1'80" 
1'80" 
1'80" 
I'SO" 
2'00" 

Hutchinson  Cutoff 

HntchiniK>n  Main  Une 

Pleyna,  Kans 

Plema,  Kani 

Ottawa  Cutoff 

Smithshire.  lU 

Maroeline,  Mo 

Tftcunueh,  Kana 

Newton,  imta 

Newton^  Kane 

Newton^  Kans 

Newton,  Kane 

Newton,  Kans 

Htttchinapn  Cutoff. . . . 

HutcliilBbn  Cutoff 

Hutchinson  Cutoff. . . . 

Hutchinson  Cutoff. . . . 

Hutchinson  Cutoff 

Hutdiinson  Cutoff. . . . 

86 

26 

176 
100 
100 
100 
100 
175 
175 
175 
175 
175 
176 
176 
175 
104 

1'45" 
2'00" 
2'00" 
2'00" 
2'00" 
1'46" 
1'45" 
S'OO" 
8'80" 
8'80" 
1'46" 
1'45" 
S'OO" 
1'45" 

194 
200 
200 
200 
200 
160 
180 
180 
150 
150 
160 
180 
180 
120 

22 

1'80" 

6.00 

Newton,  Kans 

Newton,  Kans 

20 
20 
20 
20 

8'80" 
8'80" 
8'80" 
8'80" 

0.68 

0.68 

Newton,  Kans 

0.52 

Walton,  Kans 

0.62 

Newton,  Kans ....... 

75 
90 
80 

26 
25 
26 

26 
26 
25 

1'80" 
1'80" 
1'80" 

5.00 
5.00 
4.07 

Walton,  Kans 

Waltonj  Kans 

Tumer-'HoIliday 

Tumer-Holliday 

Tumer-HoUiday 

20 
20 

2'80" 
2'80" 

0.56 

0.51 

25 
25 
26 

1'80" 

Tumer-HolUday 

1'80" 

Tumei^Holliday 

1'80" 

Clements,  Kans   

60 

46 
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The  Cleveland,  Cincinnati,  Chicago  A  St.  Louis  Railway  Com- 
pany commenced  using  creosoted  ties  in  its  tracks  during  the  year 
1905,  treated  with  an  average  of  7.78  lbs.  of  oil  per  cubic  foot  by 
the  Lowry  process.  The  statement  shows  8,816,652  creosoted  ties 
had  been  inserted  in  track  and  308,996,  or  3.5%,  removed  for  all 
causes  at  the  end  of  the  year  1919.  The  timber  used;  was  princi- 
pally Ta  group,  mixed  with  a  small  percentage  of  Tc  and  Td 
groups.  The  increase  in  percentage  of  1906,  1907,  1908  and  1909 
ties  removed  may  be  attributed  to  the  close  method  of  stacking  ties 
in  the  storage  yard  during  these  years.  During  1910  and  subse- 
quent years  ties  have  been  stacked  1  by  10  with  3-  to  4-foot  alleys 
between  stacks.  The  total  number  of  ties  inserted  in  track,  treated 
and  untreated,  in  1905  was  1,300,661;  total  number  inserted  in 
1909  was  840,362,  a  reduction  of  460,299  ties,  or  35.39%,  by  using 
treated  ties.  There  were  369  ties  inserted  per  mile  in  1905  and  201 
ties  per  mile  in  1919,  a  reduction  of  168  ties  per  mile.  Of  the  ties 
inserted  in  1905,  31.25%  were  treated  and  68.75%  untreated.  Of 
the  ties  inserted  in  1919,  76.96%  were  treated  and  23.04%  untreated. 
During  the  15  years  mentioned  the  treated-tie  territory  was  in- 
creased and  the  untreated-tie  territory  decreased.  The  mileage  in 
1919  was  15.57%  more  than  in  1905. 


Cleveland,  Cincinnati,  Chicago  &  St.  Louis  Railway  (Includ- 
ing Peoria  &  Eastern  Railway)  Creosoted  Cross-Ties  Applied 
AND  Removed,  1905  to  1919,  Inclusive. 


Removed  Account  Decay 

YearPnt 

Number  Pnt 
in  Track 

Percent 

in  Track 

Main  Track 

Side  Trade 

ToUl 

Taken  Out 

1905 

406804 

16666 

8480 

19986 

4.92 

1906 

496660 

66879 

6686 

72666 

14.61 

1907 

898988 

84906 

8414 

88820 

9.72 

1908 

468811 

20791 

8499 

24290 

6.24 

1909 

606061 

11891 

1602 

18498 

2.66 

1910 

860879 

8106 

2809 

10416 

1.21 

1911 

668206 

4786 

608 

6248 

0.98 

1912 

724899 

1820 

646 

1866 

0.26 

1918 

672269 

246 

86 

881 

0.06 

1914 

721274 

166 

108 

273 

0.04 

1916 

768788 

68 

21 

74 

0.01 

1916 

667826 

71 

29 

100 

0.02 

1917 

607808 

4 

4 

.... 

1918 

627088 

1919 

646772 

4 

4 

No  nails 

24168 

14488 

88686 

TOTAL 

8816662 

188876 

86724 

226600 

2.66 
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CiAVELAND,  Cincinnati,  Chicago  &  St.  Louis  Railway  (Includ- 
ing Peoma  &  Eastern  Railway)  Creosoted  Cross-Ties  Applied 
AND  Removed,  1905  to  1919,  Inclusive  (Concluded). 


Number 
Putin 
Tndc 

Total 

Percent. 

YMrPnt 

Main 

Side 

Total 

Percent. 

Number 

Taken  Out. 

InTnuA 

Track 

Track 

Taken  Out 

Ties 

AU 

Removed 

Causea 

1906 

406894 

6747 

1286 

6982 

1.72 

26968 

6.64 

1906 

496660 

10044 

1202 

11246 

2.26 

88811 

16.87 

1907 

898988 

8696 

1264 

9960 

2.68 

48280 

12.24 

1908 

468811 

8647 

1248 

9890 

2.18 

84180 

7.87 

1909 

606061 

7962 

1881 

9848 

1.94 

28886 

4.60 

1910 

860879 

8461 

2152 

10618 

1.28 

21028 

2.44 

1911 

658206 

6012 

1408 

6416 

1.16 

11668 

2.08 

1912 

724899 

8155 

1668 

4821 

0.66 

6687 

0.92 

1918 

672269 

1182 

1861 

2648 

0.87 

2874 

0.42 

1914 

721274 

1629 

1117 

2746 

0.88 

8019 

0.42 

1915 

768788 

682 

1186 

1868 

0.24 

1942 

0.26 

1916 

667826 

498 

629 

1027 

0.18 

1127 

0.20 

1917 

607808 

169 

829 

488 

0.09 

492 

0.09 

1918 

627088 

41 

211 

252 

0.04 

262 

0.04 

1919 

646772 

7 
8101 

26 
1669 

82 
4670 

86 
48806 

NoNaUs 

Totri... 

8816662 

66028 

18878 

88896 

0.94 

808996 

8.60 

Cross-Tie  T&sts  on  the  Chicago,  Indianapolis  &  Louisyillb 
Railroad  (Monon  Route). 


h 

I' 


a 


I 


ll 


White  Oak 

Red'oak 

Red  Oak 

Beech 

Beech 

Ehn 

So.  pine 
Niger  pine 
Black 
Walnut... 
Cherry.... 

Saanfraa.. 

Mulberry.. 


Indiana 
Indiana 
Indiana 
Indiana 
Indiana 
Indiana 
Indiana 
Indiana 
Indiana 
Ipdla^n 
Indiana 


Hewed 
Sawed 
Hewed 
Hewed 
Sawed 
H&S 
Hewed 
Hewed 
Hewed 
Hewed 
Hewed 


6x8x8 
6x8x8 
6x8x8 
6x8x8 
6x8x8 
6x8x8 
6x8x8 
6x8x8 
6x8x8 
6x8x8 
6x8x8 


MUe 
117.9  to 

117.1 
117.9  to 

117.1 
117.9  to 

117.1 
117.9  to 

117.1 
117.9  to 

117.1 
117.9  to 

117.1 
117.9  to 

117.1 
117.9  to 

117.1 
117.9  to 

117.1 
117.9  to 

117.1 
117.9  to 

117.1 


June. 
1914 
June, 
1914 
June, 
1914 
June, 
1914 
June, 
1914 
June, 
1914 
June, 
1914 
June, 
1914 
June, 
1914 
June, 
1914 
June, 
1914 


Yes 

Yee 

Y 

Yee 

Yee 

Yes 

Yes 

Yes 

Y( 

Yes 

Yes 


181 

199 

198 

198 

198 

200 

196 

4 

6 

16 

2 


Sealed 
Sealed 
Sealed 
Sealed 
Sealed 
Sealed 
Sealed 
Sealed 
Sealed 
Sealed 
Sealed 


20 


20 
20 
20 
20 
20 
20 
20 
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Cross-Tie  Tests  on  the  Chicago,  Indianapous  &  Louisville 
Railroad  (Monon  Route)  (Concluded). 


Aver- 

Aver- 

^ 

fS. 

Tie- 

Weip 

SpOces, 

Traffic 

Per 
Cent 

Pres- 
ent 

Date 

\ 

sorp- 

sorp- 

Plmte, 

Cut 

Tons 

Re- 

Con- 

In- 

Presenr- 

Proo- 

tion 

tion 

Kind, 

Ballast 

RaU, 

or 

r^ 

mov- 

di- 

spect- 

ativ« 

eM 

es: 

^. 

Sise 

Lbs. 

Screw 

ed 

tion 

\d 

Ft.. 

Lbs^ 

Lbs. 

Creoaota 

Lowry 

6.8 

22.2 

Econ- 
omy 7" 

Gravel 

90 

Cut 

6,697,667 

0 

Good 

^0' 

« 

7.7 

20.6 

r 

90 

• 

6.697,667 

0 

«« 

r  .7 

20.6 

90 

« 

6,697,667 

0 

•• 

11.8 

80.1 

90 

* 

6,697,667 

0 

« 

7.0 
8.7 

18.7 
28.8 

90 
90 

« 

6,697,667 
6,697,667 

0 
0 

•• 

9.2 

24.6 

90 

* 

6,697,667 

0 

** 

4.6 

12.4 

90 

« 

6,697,667 

0 

«« 

7.8 
8.1 

19.4 
9.4 

90 
90 

« 
< 

6,697,667 
5,697,667 

0 
0 

1.8 

8.5 

<« 

90 

« 

6.697,667 

0 
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Status  of  Cross-Ties  in  Test  Sections  on  St.  Louis-San  Fran- 
cisco Railway,  at  Close  of  Calendar  Year  1919. 
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Crbosoted  Cross-Ties  (Lowry  Process)  on  the  Chicago,  Rock 
Island  &  Pacific  Railway. 


Location 


Kind 

of 
Ties 


Number 


Year 
Ineerted 


Per  Cent 
Removed — 
All  Causes,  to 
Dec.  81,  1919 


TrafBe 

Tons  per 

Year  (1919) 


Tiskilwa,  111 

Altoona,  la 

Princeton,  Mo.  .  . 

Ely,  la 

Clarksville,  la.... 
West  Bend,  la .  . . 
Fairbury,  Neb .  .  . 
Goodland,  Kans. . 

Total 

Tiskilwa,  III 

Altoona,  la 

Princeton,  Mo .  .  . 

Ely,  la 

Qarksville.  la.... 
Fairbury,  Neb .  .  . 
Goodland,  Kans.. 
Topeka,  Kans 

Total 

Tiskilwa,  111 

Altoona,  la 

Princeton,  Mo .  .  . 

Ely,  la 

Clarksville.  la.... 
Fairbury,  Neb ... 

Eldon,  Mo 

Topeka,  Kans 

Total 

Tiskilwa,  lU 

Altoona,  la 

Princeton,  Mo . . . 

Ely,  la 

West  Bend,  la. .. 
Fairbury,  Neb . . . 
Goodland,  Kans.. 
Eldon,  Mo 

Total 

Tiskilwa,  lU 

Altoona,  la 

Ely,  la 

Pnnceton,  Mo . .  . 
E.  Dee  Moines,  la 
Goodland,  Kans. . 
Eldon,  Mo 

Total 

Tiskilwa,  lU 

Altoona,  la 

Princeton,  Mo 

Ely,Ia 

Clarksville,  la.... 

Eldon,  Mo 

Topeka,  Kans 

Total 


Red  oak 
Red  oak 
Red  oak 
Red  oak 
Red  oak 
Red  oak 
Red  oak 
Red  oak 


Red  oak 
Red  oak 
Red  oak 
Red  oak 
Red  oak 
Red  oak 
Red  oak 
Red  oak 


Red  oak 
Red  oak 
Red  oak 
Red  oak 
Red  oak 
Red  oak 
Red  oak 
Red  oak 


Red  oak 
Red  oak 
Red  oak 
Red  oak 
Red  oak 
Red  oak 
Red  oak 
Red  oak 


Red  oak 
Red  oak 
Red  oak 
Red  oak 
Red  oak 
Red  oak 
Red  oak 


Red  oak 
Red  oak 
Red  oak 
Red  oak 
Red  oak 
Red  oak 
Red  oak 


642 
276 
216 
1196 
1647 
149 
608 


4721 

1629 

1896 

479 

976 

1692 

821 

1118 

1078 

8484 

8298 
694 
1002 
2866 
1481 
1749 
4200 


16196 

1262 

791 

1914 

2266 

89 

62 

106 

2428 

8892 

211 
770 
469 
381 

6626 
72 

2428 

9792 

61 
728 
1028 
1600 
262 
1268 
676 

6623 


1908 
1908 
1908 
1908 
1908 
1908 
1908 
1908 


1909 
1909 
1909 
1909 
1909 
1909 
1909 
1909 


1910 
1910 
1910 
1910 
1910 
1910 
1910 
1910 


1911 
1911 
1911 
1911 
1911 
1911 
1911 
1911 


1912 
1912 
1912 
1912 
1912 
1912 
1912 


1918 
1918 
1918 
1918 
1918 
1918 
1918 


11.06 
8.00 

18.60 
7.20 
0.64 
2.70 
2.90 
9.00 

6.40 

6.01 
1.90 
7.10 
47.90 
1.26 
0.80 
0.26 
7.00 

8.47 


2.20 


1.83 

0.00 
0.80 
0.00 
17.60 
0.84 
0.00 
1.30 

1.18 

18.00 
41.00 
28.00 
8.60 
8.06 
0.00 
0.90 

11.90 


11.000.000 
7.200.000 

10.600.000 
8.000.000 
6.400.000 
8.800.000 
8.000.000 
8.100.000 


11.000.000 
7.200.000 

10.600.000 
8.000.000 
6.400.000 
8.000.000 
8.100.000 

10.800.000 


11.800.000 
7.200.000 

10.600.000 
8.000.000 
8,800.000 
8.000.000 
8.100.000 
8.200,000 


11.000.000 
7.200.000 
8.000.000 

10.600.000 
4.100.000 
8.100.000 
8.200.000 


11.000.000 
7.200.000 

10.600.000 
8.000.000 
6.400.000 
8.200.000 

10.800,000 
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Crbosoted  Cboss-Ties  (Lowry  Pbocess)  on  the  Chicago,  Rock 
Island  &  Pacific  Railway  (Continued). 


LocatioB 


Kind 

of 

Ti«8 


Number 


Year 
Ineerted 


Per  Cent 

RonoTed — 

All  CauMB,  to 

Dec.  81. 1919 


Traffic 

Tons  per 

Year  (1919) 


Tiddlwa,IU 

Altoona,  la , 

Princeton,  Mo ... 

Ely.Ia 

Eldon,  Mo 

Topeln,  Kana 

Total 

Dalhart,Tez 

Ely.Ia 

E.  De^  Moines,  la 
Goodland,  Kans... 

Total 

Ely.Ia 

West  Bend.  la 

E.  Dee  Moines,  la, 

Fairbury,  Neb 

Goodland,  Kana. . , 
Topeka.  Kans 

Total 

Tialdlwa.  lU 

ClarloTllle.  la 

West  Bend,  la 

E.  Dee  Moines,  la 
Fairbury,  Neb . . . , 
Goodland,  Kans. . 
Topeka,  Kans 

Total 

Ely,  la 

Clarksville,  la 

West  Bend,  la 

Fairbury,  Neb 

Goodland,  Kans. . . 

Topeka,  Kans 

Dalhart.  Tex 

Total 

Ely,  la 

Clarksville,  la 

Fairbury.  Neb .  . . , 
Goodland,  Kans. . 

Topeka,  Kans 

Dalhart,  Tex 

Total 

Clarksville,  la 

Fairbury,  Neb 

Goodland,  Kans. . , 
Topeka,  Kans 

Total 


Red  oak 
Red  oak 
Red  oak 
Red  oak 
Red  oak 
Red  oak 


Pine 

Pine 
Pine 
Pine 


Pine 
Pine 
Pine 
Pine 
Pine 
Pine 


Pine 
Pine 
Pine 
Pine 
Pine 
Pine 
Pine 


Pine 
Pine 
Pine 
Pine 
Pine 
Pine 
Pine 


Pine 
Pine 
Pine 
Pine 
Pine 
Pine 


Pine 
Pine 
Pine 
Pine 


1266 

2076 

682 

2088 

668 

766 

7819 

820 

214 
890 
129 

"788 


1788 

~91 
1016 

821 

66 

1502 

1608 

160 

6248 


4614 


4664 

686 

708 

2488 

602 

4878 


1914 
1914 
1914 
1914 
1914 
1914 


1908 

1909 
1909 
1909 


1910 
1910 
1910 
1910 
1910 
1910 


1911 
1911 
1911 
1911 
1911 
1911 
1911 


1912 
1912 
1912 
1912 
1912 
1912 
1912 


1918 
1918 
1918 
1918 
1913 
1918 


1914 
1914 
1914 
1914 


0.00 
8.82 
8.68 
4.86 
8.61 
0.90 

2.84 

4.3P 

6.07 
0.80 
2.80 

2.60 

68.00 
17.40 
0.00 
0.00 
4.80 
18.60 

9.80 

7.70 
0.19 
1.82 
6.80 
1.80 
0.18 
8.80 

1.86 

0.00 
0.00 
0.28 
0.14 
0.00 
0.10 
0.00 

0.17 

1.20 
0.27 
0.09 
0.40 
1.07 
8.60 

0.61 

1.10 
0.00 
0.00 
0.50 

0.26 


11.000.000 
7.200.000 

10.600.000 
8.000.000 
8.200.000 

10.800.000 


4.800.000 

8.000.000 
4.100.000 
8.100.000 


8.000.000 
6.400.000 
4.100.000 
8.000.000 
8.100.000 
10.800.000 


11.000,000 
6.400.000 
8.800,000 
4.100.000 
8.000.000 
8.100.000 

10.800.000 


8.000.000 
6.400.000 
8.800.000 
8,000.000 
8.100.000 
10.800.000 
4.800,000 


8.000.000 
6.400.000 
8.000.000 
8.100.000 
10.800.000 
4.800.000 


6.400.000 

8.000.000 

8.100.000 

10.800.000 
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Creosoted  Cross-Ties  (Lowby  Process)  on  the  Chicago,  Rock 
Island  &  Pacific  Railway  (Continued). 


Location 

Kind 

of 

Ties 

Number 

Year 
Inserted 

Per  Cent 

All  Causes,  to 
Dec.  81,  1919 

Traffic 

Tons  per 

Year  (1919) 

Tbkilwa,  lU 

Gum 
Gum 
Gum 
Gum 
Gum 
Gum 

Gum 
Gum 
Gum 
Gum 
Gum 

Gum 
Gum 
Gum 
Gum 

Gum 
Gum 
Gum 

Gum 
Gum 
Gum 

Gum 
Gum 
Gum 
Gum 

Gum 
Gum 
Gum 
Gum 
Gum 

Elm 
Elm 
Elm 

Elm 
Elm 

80 
891 

96 
887 

99 
114 

1667 

68 

68 

126 

689 

624 

1410 

169 

279 

881 

64 

888 

806 

789 

71 

1116 

741 
1288 
1268 

8242 

892 
126 
646 
141 

1704 

1416 
409 
867 
429 
408 

8018 

64 
101 
288 

408 

64 
188 

261 

1908 
1908 
1908 
1908 
1908 
1908 

1909 
1909 
1909 
1909 
1909 

1910 
1910 
1910 
1910 

1911 
1911 
1911 

1912 
1912 
1912 

1918 
1918 
1918 
1918 

1914 
1914 
1914 
1914 
1914 

1908 
1908 
1908 

1909 
1909 

86.00 
17.80 
8.12 
2.90 

7.70 

6.16 
0.00 
18.00 
0.74 
4.10 

8.90 

8.70 
1.08 
8.60 
8.10 

2.76 

0.90 
6.60 
8.40 

6.20 

0.00 
8.60 
0.40 

11.000.000 

Ely,  la 

8.000.000 

ClarlcBville,  la   

6.400.000 

West  Bend,  la 

8.800.000 

E.  Des  Moines,  la 

4.100.000 

Fairbuiy,  Neb 

8.000.000 

Total 

Tisldlwa,  III 

11.000.000 

Aitoona,'la 

7.200.000 

Ely,  la 

8.000.000 

West  Bend,  la 

8.800.000 

E.  Des  Moines,  la 

4,100.000 

Total 

Ely,  la 

8.000.000 

West  Bend.  la 

8.800.000 

E.  Des  Moines,  la 

4.100.000 

Palhart,  Tex 

4.800.000 

Total 

Altoona,  la 

7.200.000 

10.600.000 

Fairbury,  Neb 

8.000.000 

Total 

Tisldlwa,  111 

11.000.000 

Ely,  la 

8.000.000 

E.  Des  Moines,  la 

4.100.000 

Total 

1.60 

0.88 
0.00 
0.00 
8.60 

0.46 

4.90 
0.00 
0.00 
0.00 
1.40 

Tiskilwa,  111 

11.000.000 

Ely,  Iowa 

8.000.000 

Topeka,  Kaos 

10.800.000 

Dalhart,  Tex 

4.800.000 

Total 

Tiskilwa,  111 

11.000.000 

ClarksviUe,  la 

6.400.000 

8.100.000 

Eldon,  Mo 

8.200.000 

Topeka,  Kans ...    

10.800.000 

Total 

0.48 

0.00 
0.90 
1.68 

1.24 

Altoona,  la 

7.200.000 

Clarksville,  la 

6.400.000 

West  Bend,  la 

8,800.000 

Total 

Altoona,  la 

0.00 
4.70 

7.200.000 

E.  Des  Moines,  la 

4,100.000 

Total 

8.60 
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Creosoted  Cross-Ties  (Lowry  Process)  on  the  Chicago,  Rock 
Island  &  Pacific  Railway  (Concluded). 


Location 


Kind 

of 

Ties 


Number 


Year 
Inserted 


Per  Cent 
Removed — 
All  Causes,  to 
Dec.  31,  1919 


Traffic 

Tons  per 

Year  (1919) 


Altoona,  la 

Ely.  la 

E.  Des  Moines,  la 

Total 

Princeton,  Mo . . . 


Elm 
Elm 
Elm 


Elm 


148 
146 
231 

377 

127 


1911 
1912 
1912 


1914 


7.200.000 
8.000.000 
4.100.000 


10.600.000 
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Zinc  Treated  Ties  on  the  Chicago,  Rock  Island  &  Pacific 

Railway. 


Location 

Kind 

of 

Ties 

Number 

Year 
Inserted 

Per  Cent 

Removed — 

All  Cauaes,  to 

Dec  81.  1919 

Traffic 

Gross  Tons 

per  Year 

(1919) 

Ola,  Ark 

Red  oak 
Red  oak 
Red  oak 

Red  oak 
Red  oak 

Red  oak 
Red  oak 
Red  oak 
Red  oak 

Red  oak 
Red  oak 

Red  oak 
Red  oak 
Red  oak 

Red  oak 

Pine 
Pine 
Phie 

Pine 
Pine 
Pine 
Pine 
Pine 
Pine 

Pine 
Pine 
Pine 
Pine 
Pine 

Pine 
Pine 
Pine 
Pine 
Pine 
Pine 

741 
672 
226 

1638 

68 
586 

654 

270 
149 
418 
645 

1382 

378 
171 

544 

480 
269 
462 

1211 

266 

2469 

3274 

846 

6578 

1066 
1324 
2187 
481 
1622 
2764 

9444 

430 

1868 

877 

844 

1008 

6022 

5116 
277 
960 
1044 
1486 
2228 

11106 

1909 
1909 
1909 

1910 
1910 

1911 
1911 
1911 
1911 

1912 
1912 

1913 
1913 
1913 

1914 

1908 
1908 
1908 

1909 
1909 
1909 
1909 
1909 
1909 

1910 
1910 
1910 
1910 
1910 

1911 
1911 
1911 
1911 
1911 
1911 

6.20 

4.81 

28.00 

8.40 

13.23 
4.60 

6.60 

4.600.000 

Yukon,  Okla 

6.600,000 

Heywood,  Okla 

6.600.000 

Total 

Ola,  Ark 

4.600.000 

H«ywood,  Okla 

6.600.000 

Total 

8.52 
0.00 
2.87 
1.83 

8.32 

0.53 
11.11 

3.86 

13.38 
0.00 
0.64 

6.53 

0.00 

27.16 
46.61 
28.99 

36.88 

18.88 
19.86 
22.45 
2.28 
16.27 
18.81 

17.96 

7.44 

10.00 

21.09 

1.18 

3.48 

8.92 

16.22 
2.17 

11.14 
8.64 

11.42 
8.23 

..      ,    . 

11.42 

6.500.000 

Okarche,  Okla 

Yukon,  Okla 

6.000.000 
6.600.000 

Mcl/Min,  Tpx                   

1.720.000 

Total 

Yukon,  Okla 

6.600.000 

McLean,  Tex 

1.720.000 

Total 

Heywood,  Okla 

6.600.000 

Okarche,  Okla 

6.000.000 

Yukon,  Okla 

6.600.000 

Total 

Ola,  Ark 

4.600.000 

Heywood,  Okla 

6.600.000 

McLean,  Tex 

1.720.000 

Chico,  Tex 

2.140.000 

Total 

Ola,  Ark 

4.600.000 

Leola,  Ark 

1.400.000 

Heywood,  Okla 

5.500.000 

Okarche,  Okla 

5.000.000 

Yukon,  Okla 

6.500.000 

Chico,  Tex 

2.140.000 

Total 

Ola,  Ark 

4.600.000 

Leola,  Ark 

1.400.000 

Heywood,  Okla 

5.600.000 

Okarche,  Okla 

5.000.000 

Yukon.  Okla 

5.500.000 

Total 

Ola.  Ark 

4.600.000 

Leola,  Ark 

1.400.000 

Heywood,  Okla 

5.500.000 

Okarche,  Okla 

5.000.000 

Yukon.  Okla 

5.500.000 

Chico,  Tex 

2.140.000 

Total 
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Zinc  Treated  Ties  on  the  Chicago,  Rock  Island  &  Pacific 
Railway  (Concluded). 


Location 

Kind 

of 
Tlee 

Number 

Year 
Inserted 

Per  Cent 
Removed — 
All  Causes,  to 
Dec  81,  1919 

TrafBc 

Gross  Tons 

per  Year 

(1919) 

Dalhart,Tez 

Pine 
Pine 
Pine 
Pine 
Pine 
Pine 
Pine 

Pine 
Pine 
Pine 
Pine 
Pine 
Pine 

Pine 
Pine 
Pine 
Pine 
Pine 
Pine 
Pine 

Gum 

Gum 
Gum 
Gum 
Gum 
Gum 

Gum 
Gum 

Gum 
Gum 

Gum 

Gum 
Gum 

Red  oak 
Red  oak 

Pine 
Pine 
Pine 
Pine 

641 
1252 
1817 
1042 
1600 
1584 
1842 

9278 

1885 
1715 
950 
945 
1868 
1481 

8294 

97 
868 
984 
708 
1927 
828 
891 

5808 

888 

885 

564 

77 

571 

1679 

80 
78 

158 

65 
151 

216 

208 

882 
567 

949 

50 
117 

167 

1820 
292 
888 
596 

8596 

1912 
1912 
1912 
1912 
1912 
1912 
1912 

1918 
1918 
1918 
1918 
1918 
1918 

1914 
1914 
1914 
1914 
1914 
1914 
1914 

1908 

1909 
1909 
1909 
1909 
1909 

1910 
1910 

1911 
1911 

1912 

1914 
1914 

1914 
1914 

1914 
1914 
1914 
1914 

0.00 
1.85 
5.65 

18.48 
2.25 
1.64 

26.45 

7.27 

0.00 
1.10 
11.16 
10.80 
1.07 
6.77 

3.98 

0.00 
4.89 
2.54 
4). 56 
2.02 
0.80 
2.18 

2.00 

23.90 

15.85 

12.72 

21.27 

0.00 

5.78 

12.86 

isToo 

0.00 

7.84 

9.28 
8.81 

5.09 

0.00 

0.52 
11.90 

7.37 

0.00 
19.60 

14.36 

1.09 
22.86 

1.85 
18.62 

5.28 

4.800.000 

Olm,  Art 

5.000.000 

Leola,  Ark 

1.400.000 

5.500.000 

Okarche.OkIa 

5.000.000 

Y^kAH,  nkin 

5.500.000 

Chioo,  Tex 

2.140.000 

Total 

Dalhart,  Tex 

4.800.000 

Leola.  Ark 

1.400.000 

Heywood,  OkU 

5.500.000 

Okarehe,  OkU 

5.000,000 

Yukon,  Okla 

5.500.000 

Chico,  Tex 

2.140.000 

Total 

Ola.  Ark 

5,000,000 

Leolm,  Ark 

1.400.000 

Heywood.  Okla 

5.500.000 

Okarche,  Okla 

5.000.000 

Yukon,  bkla 

5.500.000 

MH^ean.  Tex 

1.720.000 

CUco,  Tex 

2.140.000 

Total 

1.720.000 

Ola,  Ark 

6.000.000 

Leola,  Ark 

1.400.000 

Heywood,  Okla 

5.500.000 

Okarche,  Okla 

5.000.000 

Yukon,  Okla 

5.500.000 

Total 

Leola,  Ark 

1.400.000 

oifttfAhi^,  Okla 

5.000.000 

Total 

Ola,  Ark 

4.600.000 

Okarche,  Okla 

5.000.000 

Total 

Okarche,  Okla 

5.000,000 

Leola,  Ark 

1.400.000 

Heywood,  Okla 

1.400.000 

Total 

Ola.  Ark 

4.600.000 

Yukon,  Okla 

5.500.000 

Total 

T>*lh«rt,  Tffx 

4.300.000 

Heywood,  Okla 

5.500.000 

Okarche,  Okla 

5.000.000 

Chico,  Tex 

2.140.000 

Total 
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Mr.  S.  D.  Cooper:  The  origrinal  instructions  to  the  Committee 
were  that  they  were  to  make  a  critical  study  of  tie-records,  espe- 
cially with  regard  to  the  treatment  with  chloride  of  zinc,  but,  un- 
fortunately, on  account  of  the  unsettled  conditions  they  were  unable 
to  do  that  and  confined  their  attention  to  getting  the  test-records 
from  the  railroads  mentioned  in  this  report.  There  are  repre- 
sentatives here  from  the  Chicago,  Rock  Island  &  Pacific  Railway 
Company  and  the  Baltimore  &  Ohio  Railroad  Company  who,  I  am 
sure,  would  no  doubt  be  glad  to  give  you  a  brief  outline  of  the 
tests  which  relate  to  their  particular  roads. 

Before  I  sit  down  I  will  refer  briefly  to  one  test  on  the  Santa  Fe 
records.  In  1906  on  the  Ottawa  cut-off,  which  is  the  main-line 
passenger  and  freight,  between  Newton  and  Kansas  City,  there 
were  24,238  ties  treated  with  approximately  5  lbs.  of  creosote  to 
the  cubic  foot  by  the  Rueping  process,  and  at  the  last  inspection, 
in  September,  1920,  there  were  23,881  ties  still  in  the  track,  prac- 
tically 98%  of  them,  and  of  those  taken  out  of  the  track  they  were 
all  taken  out  for  cause,  that  is,  on  account  of  a  bad  wreck  that  we 
had  when  one  of  the  trains  went  off  the  track. 

I  mention  this  particularly  for  the  reason!  that  was  the  year 
the  Santa  Fe  first  commenced  to  treat  large  numbers  of  ties  by  the 
Rueping  process.  There  was  no  idea  of  these  ties  being  used  as  a 
test,  and  it  was  simply  by  accident  in  traveling  over  the  division 
with  the  superintendent;  that  he  told  me  that  in  1914  he  was  laying 
new  rail  and  that  he  had  not  taken  out  a  tie,  and,  in  fact,  had  not 
removed  the  outside  spike,  so  I  went  down  to  Melvem  and  counted 
the  ties  in  the  track  and  we  have  been  carrying  it  on  as  a  test  ever 
since. 

On  recent  inspection,  less  than  2  weeks  ago,  with  a  representative 
of  the  Southern  Pacific,  it  is  a  fair  estimate  to  think  that  we  would 
have  from  5  years  to  6  years  more  life  out  of  the  ties  in  the  track. 

Mr.  O.  C.  Stbinmayer:  Mr.  Chairman,  the  tests  on  the  St. 
Louis- San  Francisco  Railroad  have  not  been  carried  on  for  a  suffi- 
ciently long  period  of  time  to  warrant  any  definite  conclusions  be- 
ing made  at  this  time.  The  number  of  untreated  ties  that  have 
been  taken  out  since  these  tests  were  inaugurated  would  indicate 
that  we  are  getting  approximately  8  years'  life  out  of  our  white 
oak  ties,  but  this  varies  considerably  in  various  districts.  In 
Alabama  and  Mississippi  it  is  something  like  5^  years,  whereas  in 
western  Kansas  it  is  over  9  years.  Of  our  creosoted  ties,  although 
many  of  them  have  been  in  use  for  12  years,  the  per  cent,  taken  out 
iXK  date  is  sufficient  only  to  estimate  the  possible  average  life  which 
we  will  obtain  from  them.  This  we  now  think  will  be  some  15  to 
20  years. 
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Mr.  C.  F.  Ford  (Chicago,  Rock  Island  &  Pacific  Railway) :  We 
have  been  using  creosoted  ties  about  the  same  length  of  time  as  the 
Frisco.  We  are  now  maintaining  19  test-sections,  one  being  located 
on  each  operating  division.  An  inventory  was  taken  of  all  ties  in 
track  on  each  test-section.  After  the  tie-renewals  for  each  year 
are  completed,  each  test-section  is  checked  by  a  representative  of 
this  department  and  the  inventory  is  then  brought  up  to  date,  which 
enables  us  to  ascertain  the  number  of  treated  ties  inserted  and 
removed  during  the  year.  We  are  unable  at  the  present  time  to 
determine  the  life  of  our  treated  ties,  but  as  an  illustration  of  the 
service  they  are  rendering,  we  have  5,214  creosoted  oak  ties  in 
various  test-sections  that  were  inserted  in  1908,  of  which  only  6.4% 
have  been  removed  to  date.  These  records  will  be  brought  up  to 
date  each  year,  and  included  in  report  to  the  Forest  Products 
Laboratory. 

Mr.  F.  J.  Angier:  Mr.  Chairman  and  Gentlemen,  the  test  tracks 
on  the  Baltimore  &  Ohio  are  not  so  very  old.  We  have  one  test- 
track  about  6  miles  east  of  Baltimore,  where  we  put  in  3,300  red 
oak  ties,  treated  in  10  different  ways.  First,  we  have  300  cross-ties 
untreated,  300  treated  with  zinc  chloride,  300  with  sodium  fluoride, 
and  the  same  number  with  water-gas  tar,  coal-tar  creosote,  and  a 
mixture  of  water-gas  tar,  coal-tar  creosote  and  zinc  chloride.  These 
tests  were  put  in  1914,  and  an  inspection  made  in  October  showed 
not  a  single  treated  tie  of  any  kind  removed  on  account  of  decay, 
and  about  83%  of  the  untreated  had  failed  6n  account  of  decay  in 
6  years. 

On  the  Staten  Island  lines  we  put  in  1915,  about  5  years  ago, 
1,000  ties,  divided  among  red  oak,  black  oak,  chestnut  oak,  and 
white  oak.  These  ties  were  all  treated  with  the  Card  process  of 
0.5  lb.  of  zinc  chloride  and  3  lbs.  of  creosote.  The  record  here 
shows  that  of  the  untreated  red  oak  ties,  84%  have  been  removed, 
and  of  the  black  oak,  92%.  The  chestnut  oak  and  white  oak  are 
still  in  track  after  5  years. 

At  Dayton,  Ohio,  we  put  in  a  test-track  only  recently,  in  1919,  and 
there  has  not  been  time  enough  to  get  any  results.  We  have  test- 
tracks  in  other  places,  and  they  have  only  been  put  in  recently. 
At  Green  Spring  we  put  in  some  ties,  treated  and  untreated,  in 
1914.  The  untreated  ties  have  all  been  removed  for  decay.  These 
were  red  oak  ties.  None  of  the  treated  ties  have  been  removed. 
We  have  found  that  the  tonnage-traffic  over  these  test-tracks  varies 
from  5,000,000  to  55,000,000  tons  annually.  We  expect  in  time  to 
get  some  very  good  results  from  our  test-tracks. 

The  President:  The  report  of  this  Committee  is  excellent.  We 
will  be  very  glad  to  have  discussion  while  the  Conmiittee  is  on  the 
floor.    Mr.  Kirkbride,  would  you  care  to  discuss  this  report? 
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Mr.  W.  H.  Kirkbride:  Well,  I  do  not  feel  in  position  to  discuss 
the  report.  I  have  not  had  an  opportunity  to  review  those  papers. 
My  impression  is  this:  I  do  not  refer  particularly  to  the  reports 
that  have  been  presented,  but  it  seems  to  me  there  is  a  poverty  of 
information  whenever  we  begin  to  talk  about  the  life  of  ties.  I 
appreciate,  myself,  that  it  is  very  difficult  to  put  your  finger  right 
down  on  facts  and  say  you  are  getting  such  a  life  out  of  a  certain 
kind  of  tie.  Railroads  start  experiments,  but  unfortunately,  the 
constant  changing  of  foremen  and  roadmasters  and  higher  officials 
leads  to  the  fact  that  the  experiment  goes  by  the  board  sooner  or 
later,  and  the  information  obtained,  even  from  the  experiments,  is 
unreliable.  I  think  that  some  very  constructive  work  could  be  done 
by  developing  the  proper  methods  of  getting  correct  data  on  experi- 
ments. I  think  that  is  one  of  the  best  things  that  committees  could 
go  into.  Experiments  must  last  from  5  years  to  20  years,  and 
methods  must  be  outlined  so  that  correct  reports  can  be  obtained. 

We,  on  the  Pacific  Coast,  have  not  experimented  very  much  with 
creosoted  ties,  although  it  has  been  my  good  fortune  to  follow  a 
number  of  such  tests.  I  have  in  mind  a  certain  batch  of  69  ties 
that  were  creosoted,  and  a  certain  proportion  of  these  ties  lasted 
20  years  under  the  following  adverse  conditions:  The  69  ties  were 
placed  alongside  of  6  other  groups  of  experimental  ties,  all  under 
50-lb.  rail,  tangent  track,  imperfect  ballast;  they  passed  through 
the  following  changes, — ^the  50-lb.  rail  was  run  to  broken  joints, 
later  on  Wolhaupter  tie-plates  were  applied,  later  on  the  line  was 
ballasted,  then  laid  with  76-lb.  rail  and  reballasted  with  a  better 
grade  of  ballast,  and  notwithstanding  these  conditions  they  lasted, 
as  I  said,  up  to  20  years,  the  average  life  of  the  69  ties  being  17 
years. 

I  had  an  opportunity  to  examine  those  ties  at  the  end  of  7  years. 
There  were  69  ties  in  the  track.  The  other  5  groups  of  ties  had 
disappeared.  I  had  occasion  to  examine  those  ties  again  at  the  end 
of  14  years,  and  there  was  a  considerable  number  of  them  still  in 
the  track,  again  at  the  end  of  20  years  8  ties  remained.  Unfor- 
tunately, I  did  not  expect  to  make  a  report  or  discuss  the  matter, 
and  I  have  not  the  exact  figures  in  my  mind.  We  found  that  the 
Wolhaupter  tie-plates  under  the  increasing  traffic  were  cutting 
down  into  the  ties  considerably,  and  they  were  ultimately  removed, 
due  to  this  cause.  The  ties  particularly  interested  me,  because  they 
did  not  broom  or  break  open.    That  is  all. 

The  President:     I  would  like  to  have  some  further  discussion. 

M^  Andrerpit  Gibson:  I  would  like  to  ask  Mr.  Cooper  what 
species  of  timber  were  used  in  their  ties  between  Newton  and 
Kansas  City? 
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Mr.  S.  D.  Cooper:     Texas  pine,  red  oak,  and  gwna. 

Mr.  Andrew  Gibson:  In  what  way  were  those  test-tracks 
set  out? 

Mr.  S.  D.  Cooper:  Insofar  as  the  ties  that  I  referred  to,  the 
24,000,  those  were  laid  out  of  face  on  account  of  some  new  double- 
track  work  that  was  being  put  in  at  that  time,  but  the  test-sections 
on  the  Santa  Fe  are  regular  test-sections.  That  is,  we  take  a  sec- 
tion and  form  a  test-section,  and  we  keep  a  record  of  each  tie  as 
it  appears  in  the  track  for  the  whole  of  the  test-section,  and  that 
was  instituted  in  1910.  In  addition  to  that  we  inspect  all  the  ties 
taken  out  of  track,  and  the  outcome  of  that  experience  was  that 
we  got  authority  from  the  chief  engineer  of  the  system  to  put  in  a 
system  of  inspection  of  all  ties  removed  from  the  track.  So  we 
start  out  in  the  spring  2  men,  and  they  go  in  a  continuous  circle 
until  the  weather  stops  them,  inspecting  every  tie  that  is  taken  out 
of  the  track  for  any  cause,  and  make  a  report  each  night  to  the 
superintendent  and  also  to  our  office.  At  the  end  of  the  month  the 
results  of  that  inspection  are  sent  to  the  superintendent  of  the 
division,  assistant  general  manager,  general  manager  and  the  chief 
engineer  of  the  system.  We  have  found  that  in  3  yearsi  under 
which  this  has  been  instituted,  the  number  of  ties  taken  out  of  the 
track  which  ought  to  have  been  left  in  the  track  has  been  reduced 
to  a  very,  very  large  extent. 

Mr.  Steinmayer  and  Mr.  Angier  will  tell  you  about  the  other 
experiments. 

Mr.  O.  C.  Steinmayer:  The  reason  the  Frisco  started  the  ex- 
perimental sections  was  in  order  to  determine  the  length  of  life  we 
were  obtaining  from  our  ties.  We  find  we  cannot  get  this  informa- 
tion from  the  renewal  records  based  on  reports  from  each  track- 
section,  as  not  any  great  reliance  as  to  accuracy  can  always  be 
placed  on  the  reports  furnished  by  the  section  men. 

We  selected  from  2  to  5  miles  of  track  on  each  operating  division, 
attempting  to  get  tangent  track  as  much  as  possible,  because  these 
particular  tests  were  made  with  the  idea  of  determining  the  life 
of  the  ties  without  especial  reference  to  mechanical  destruction.  An 
inventory  was  taken  of  the  ties  in  each  test-section  and  the  condi- 
tion of  these  ties  has  been  followed  since  these  test-sections  were 
inaugurated  in  1914,  by  making  inspections  annually.  We  can  see 
how  the  decay— if  there  is  decay— in  the  creosoted  tie  progresses, 
or  how  mechanical  wear  is  destroying  our  creosoted  tie.  The  re- 
newals as  made  in  these  test-sections  are  from  the  general  run 
of  ties. 

Mr.  C.  F.  Ford:  On  the  Chicago,  Rock  Island  &  Pacific  Railway 
we  attempted  to  keep  a  record  of  all  treated  ties  inserted  and  re- 
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moved  from  track.  Also  to  have  all  treated  ties  marked  with 
dating  nails.  The  data  for  this  record  was  based  on  reports  made 
by  section  foremen.  After  keeping  the  record  for  several  years,  we 
found  that  the  information  received  from  the  foremen  was  incor- 
rect, also  that  ties  were  not  being  marked  with  dating  nails. 

We  then  decided  to  select  a  regular  track-section  on  each  division 
that  was  representative  of  conditions  on  the  division,  and  keep  a 
record  of  ties  inserted  and  removed  on  test-sections  only.  All  ties 
in  test-sections  are  marked  with  dating  nails. 

Mr.  E.  O.  Faulkner:  I  would  suggest  in  making  reports  of  the 
life  of  creosoted  ties  or  any  other  timber  in  the  track,  that  the 
quantity  of  creosote  left  in  should  be  inserted,  because  that  is  a 
factor  in  the  life  of  the  tie  that  must  be  taken  into  consideration. 
One  road,  for  instance,  will  put  in  5  lbs.  to  the  cubic  foot;  another 
will  put  in  6  lbs.  and  others  7  lbs.  and  8  lbs. 

Now,  when  you  come  to  take  a  hundred  thousand  ties,  and  take 
the  difference  in  cost  between  the  amount  of  creosote  used  in  one 
case  and  in  another,  you  should  necessarily  get  a  longer  life  for  the 
larger  quantity,  and  yet  possibly  not  one  which  corresponds  to  the 
extra  cost  in  the  amount  of  creosote  used. 

I  have  in  mind  one  of  our  tests  made  on  the  Santa  Fe  where  we 
had  different  plants  send  in  representative  treatments,  and  took  it 
for  granted  that  everything  was  commercially  treated;  some  years 
afterwards  when  reports  were  being  made  of  this  test,  one  treat- 
ment stood  out  remarkably  well,  and  inquiring  about  it  we  found 
the  men  at  the  plant,  unknown  to  the  officers  of  the  company,  had 
made  a  special  matter  of  it  and  treated  the  ties  to  such  an  extent 
that  there  was  no  reason  why  they  should  not  last  long,  and  they 
could  not  have  treated  them  commercially,  or  put  them  out  under 
commercial  conditions  treated  that  way. 

I  think  in  giving  results  it  is  essential  that  treating  conditions 
should  be  mentioned  and  taken  into  consideration  with  the  life. 

Mr.  S.  D.  Cooper:  Mr.  Faulkner,  I  think  that  is  the  intention, 
and  I  am  going  to  explain  that  the  report  in  my  hand  now  shows  the 
air,  the  time,  the  pressure  and  the  absorption,  and  it  is  the  inten- 
tion in  getting  out  this  new  form  that  it  will  embody  all  the  infor- 
mation that  can  be  gotten  together  and  prove  of  interest,  giving 
an  absolute  record  of  the  treatment. 

The  President:  Is  there  any  further  discussion,  gentlemen? 
If  not,  we  will  accept  the  report  of  the  Committee  as  information, 
with  our  thanks. 

We  will  now  have  the  report  of  Committee  No.  7-01 — Economics, 
Mr.  Crawford,  Chairman. 
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report  of  committee  no.  7^1— economics 

To  the  Members  of  the  American  Wood-Preservers'  Association: 

The  instructions  to  this  Committee  were  to  "define  the  con- 
ditions under  which  the  various  non-pressure  treatments  are 
justified." 

It  is  probable  that  there  is  not  a  single  member  of  the 
Association  who  does  not  agree  that  as  a  general  rule  pressure 
treatment  is  more  thorough,  gives  a  longer  life  to  the  wood,  and 
is  more  economical  than  non-pressure  treatment.  The  penetra- 
tion obtained  by  pressure  is  deeper,  more  uniform,  and  more 
subject  to  the  control  of  the  operator.  Furthermore,  the  amount 
of  preservative  injected  to  obtain  a  given  penetration  may  be 
varied  to  suit  different  requirements.  This  results  in  economical 
use  of  preservatives.  It  is  possible  also  by  pressure  equipment 
and  processes  to  treat  green  timber,  when  seasoned  timber  is  unob- 
tainable, whereas  non-pressure  processes  require  thoroughly 
seasoned  wood. 

On  the  other  hand,  there  are  innumerable  cases  where  pres- 
sure treatment  is  for  some  reason  either  impossible  or  inadvis- 
able and  the  wood  must  be  either  treated  by  a  non-pressure 
process,  used  without  treatment  of  any  kind,  or  replaced  by 
some  other  structural  material.  This  is  especially  true  in  rural 
construction.  Forty-six  per  cent  of  all  the  wood  used  in  this  coun- 
try is  used  on  the  farms.  This  is  more  than  is  consumed  by  any 
other  industry.  Much  of  it  is  continuously  exposed  to  decay.  Pres- 
sure treatment  is  available  for  but  a  fraction  of  one  per  cent 
of  it.  In  addition  to  that  used  on  the  farms  great  quantitiea  of 
wood  are  used  in  other  construction  where  pressure  treatment  is 
unobtainable.  Unless  non-pressure  treatment  is  used  on  this 
wood  it  will  be  used  without  treatment. 

Under  present  conditions  adequate  provision  for  the  dis- 
tribution of  pressure-treated  timber  in  small  quantities  has  not 
been  made.  Wood-preserving  companies  are  not  as  yet  organized 
to  handle  small  business,  nor  has  there  been  much  attempt  to 
encourage  the  retailers  of  lumber  and  other  wood  products  to 
handle  pressure-treated  timber.  A  start  has  been  made  by  a 
few  companies,  and  it  is  now  possible  in  some  localities  for  an 
individual  to  buy  pressure-treated  materials  of  certain  kinds 
according  to  his  needs.  To  the  majority  of  the  people,  however, 
this  privilege  is  not  yet  available.  So  long  as  this  condition 
exists  there  is  a  great  need  for  non-pressure  methods  of  treat- 
ment. 

To  thousands  of  small  consumers,  wood-preservation  of  any 
kind  is  unheard  of  and  its  benefits  are  unknown.     Your  Corn- 


Digitized  by  LjOOQ  IC 


American  Wood-Preservers'  Association      175 

mittee  feels  that  a  campaign  of  education  to  acquaint  all  users 
of  structural  wood  with  the  possibilities  and  benefits  of  wood- 
preservation  would  be  very  much  worth  while.  Much  has  been 
done  along  this  line  by  the  Government  and  by  some  private 
agencies  but  the  field  is  still  scarcely  touched.  The  results  of 
such  educational  work  would  be  of  material  value  in  increasing 
the  amount  of  timber  which  is  pressure-treated,  in  addition  to 
increasing  the  use  of  non-pressure  treatment.  Furthermore,  it 
would  be  a  material  benefit  to  the  nation  as  a  conservation  meas- 
ure. It  has  been  estimated  that  if  all  wood  used  where  it  is  sub- 
ject to  decay  were  griven  preservative  treatment  the  annual  drain 
upon  our  forests  would  be  reduced  by  an  amount  greater  than 
the  combined  annual  loss  of  standing  timber  by  forest  fires,  in- 
sect damage,  and  disease.  The  field  is,  therefore,  well  worth 
cultivating. 

A  word  of  caution  seems  advisable,  however.  The  Commit- 
tee wishes  to  strongly  recommend  the  use  of  greater  care  in 
such  educational  and  advertising  campaigns  as  may  be  under- 
taken. The  impression  should  not  be  given  intentionally  or 
otherwise  that  non-pressure  treatments  are  as  good  as  pressure 
treatments.  Each  preservative  and  method  of  treatment  must 
be  promoted  only  to  the  extent  justified  by  its  benefits  and  limi- 
tations. If  these  precautions  are  taken,  and  we  believe  they  will 
be  by  every  reputable  concern,  the  Committee  believes  great  good 
will  result  from  such  campaigns. 

There  are  three  principal  methods  by  which  wood  can  be 
treated  without  the  use  of!  artificial  pressure,  namely: 

(1)  Surface  treatments. 

(a)  Spraying. 

(b)  Brushing. 

(c)  Dipping. 

(2)  Hot   and   cold   bath   treatment. 

(3)  Steeping  treatment. 

With  methods  number  (1)  and  (2)  coal-tar  creosote  and  sim- 
ilar oil  should  be  used. 

With  method  number  (3)  water-soluble  preservatives,  such 
as  zinc  chloride,  sodium  fluoride,  and  mercuric  chloride  should 
be  used.    In  the  case  of  mercuric  chloride  this  is  called  Kyanizing. 

In  order  that  the  subsequent  discussion  may  be  readily  un- 
derstood, these  various  processes  will  be  defined. 

(1)  Surface  treatments. 

(a)  Spraying  consists  in  applying  the  oil  by  means  of 
an  air-spray. 


Digitized  by  LjOOQ IC 


176  Seventeenth  Annual  Meeting 

(b)  Brushing   consists   in   applying   the   oil,   preferably 

hot,  to  the  dry  wood  by  means  of  a  brush.  More 
than  one  coat  should  be  applied. 

(c)  Dipping,    as   commonly   practiced,    consists    in    sub- 

merging the  wood  in  hot  oil  for  5  to  15  minutes, 
or  even  longer. 

(2)  Hot  and  cold  bath  treatment  consists  essentially  of  the 
following  steps: 

(a)  The  wood  is  heated  in  oil  at  200**   F     to  225*   F. 

for  one  or  more  hours. 

(b)  It  is  then  either  quickly  transferred  to  a  tank  of 

cool  oil  and  allowed  to  stand  several  hours,  or 
the  heating  is  discontinued  after  (a)  and  the 
wood  and  oil  allowed  to  cool  together. 

(3)  Steeping  consists  in  submerging  the  timber  in  a  solu- 

tion of  a  water-soluble  preservative  and  allowing 
it  to  soak  for  a  period  of  time,  depending  upon 
the  size  of  the  sticks.  In  some  cases  the  soalung 
,  period  is  set  at  one  day  for  each  inch  in  thickness, 
and  one  day  in  addition  to  this  total. 

Poles,  posts,  ties,  construction  timbers  and  lumber  have  been 
treated  in  appreciable  quantities  by  these  various  processes  and 
tested  or  put  into  ordinary  service,  and  in  general  it  has  been 
found  that  their  life  is  materially  increased.  Failures  have  oc- 
curred from  time  to  time,  in  most  cases  no  doubt  on  account  of 
treating  unseasoned  timber,  improper  application  of  the  preser- 
vative, or  because  the  treatment  was  not  suited  to  the  use  to 
which  the  timber  was  subsequently  put.  The  value  of  these  treat- 
ments is  likely  to  be  greatly  impaired,  if  not  entirely  lost,  unless 
thoroughly  seasoned  timber  is  used.  These  failures,  however,  do 
not  condemn  methods  of  treatment  which  within  their  limitations 
have  usually  given  good  results.  Nevertheless,  the  Committee 
again  wishes  to  emphasize  the  fact  that  pressure  treatment  is  the 
most  thorough  and  the  most  effective,  and  the  possibility  of  its  use 
should  be  very  carefully  considered  before  adopting  a  non-pressure 
process. 

In  the  opinion  of  this  Committee,  non-pressure  treatment 
should  be  adopted  only  when  it  is  apparent  that  the  added  life 
which  might  be  obtained  by  pressure  treatment  is  not  sufficient 
to  offset  the  additional  cost  of  the  treatment,  or  when  it  is 
practically  impossible  to  obtain  pressure-treated  timber.  Specific 
cases  in  which  non-pressure  treatments  are  likely  to  be  advisable 
are   as  follows: 

(1)  For  treating  timbers  and  lumber  used  in  building  and 
car  construction  and  repair  work  which  must  be  framed  at  the 
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building  site,  or  which  are  used  in  such  small  quantities  that  it 
is  impracticable  to  send  them  away  for  pressure  treatment. 

Of  the  various  non-pressure  treatments  possible,  hot  and 
cold  bath  treatment  with  creosote  will  generally  be  most  effec- 
tive. When  apparatus  for  this  process  is  not  available,  surface 
treatments  may  be  used. 

For  places  where  the  odor  or  color  of  creosote  would  be 
objectionable,  water-soluble  preservatives  applied  by  the  steep- 
ing process  may  be  desirable.  These  preservatives  are,  of  course, 
not  suitable  where  the  wood  is  likely  to  be  wet  frequently. 

(2)  For  timbers  used  in  interior  construction  where  the 
ends  are  placed  on  concrete,  brick,  or  stone  foundations,  and 
only  the  ends  are  subject  to  decay,  and  for  any  other  timbers  where 
only  points  of  contact  with  wood  or  other  material  are  likely  to 
decay  prematurely. 

Surface  treatments  are  usi^illy  the  only  methods  which 
can  be  used  in  such  places,  but  great  benefit  at  little  expense 
can  be  expected. 

(3)  For  fence  posts  under  conditions  which  make  pressure 
treatment  out  of  the  question,  hot  and  cold  bath  creosote  treat- 
ment of  the  butts  is  recommended,  together  with  a  hot  or  cold 
bath  treatment  of  the  tops.  Surface  treatments  are  not  as 
effective  as  hot  and  cold  bath  treatment,  and  their  use  on  posts 
is  seldom  to  be  recommended. 

(4)  For  telegraph  and  telephone  poles  of  durable  species, 
from  which  experience  has  demonstrated  good  service  may  be 
expected  when  butt  treated,  the  hot  and  cold  bath  treatment  is 
recommended.  Butt  treatment  under  pressure  would  probably 
be  much  more  effective,  but  the  apparatus  for  treating  by  this 
method  is  so  far  not  available.  Surface  treating  the  butts  of 
poles  of  durable  species  with  creosote  is  usually  also  sufficiently 
effective  to  more  than  pay  for  the  cost  of  treatment  and  may 
be  used  to  good  advantage  where  conditions  prevent  more 
thorough  treatment. 

Poles  of  nondurable  species,  especially  for  use  in  the  south- 
ern states  should  be  treated  throughout  their  entire  length  by  a 
pressure  process. 

(5)  In  general,  the  hot  and  cold  bath  treatment  is  the  near- 
est substitute  for  pressure  treatment,  and  is  to  be  recommended 
in  preference  to  the  more  superficial  treatments.  Dipping, 
spraying,  and  brush  treatments  are  more  superficial  than  the 
hot  and  cold  bath  process  and  generally  result  in  only  a  slight 
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penetration  of  oil.  They  are,  therefore,  most  suitable  for  tim- 
bers not  subjected  to  mechanical  wear  or  serious  checking.  The 
steeping  process  due  to  the  long  soaking  period  approaches  the 
hot  and  cold  bath  process  in  the  matter  of  penetration.  Since 
water-soluble  preservatives  are  used,  the  treated  wood  has  the 
limitations  and  advantages  common  to  these  preservatives. 

The  Committee  offers  the  foregoing  as  information  only, 
and  desires  that  it  receive  thorough  discussion.  We  recommend 
that  the  Conmuttee  be  continued  for  another  year,  in  order  that 
it  may  digest  the  discussion  at  this  meeting,  and  formulate 
specific  recommendations  for  the  Manual. 

Carl  G.  Crawford,  Chairman 

A.  W.  Armstronq 

K.  C.  Barth 

G.  M.  Hunt 

H.  S.  Sackbtt 

L.  B.  Shipley 

H.  VON   SCHRENK 

Tub  Presidbnt:  Now  that  we  have  heard  the  Committee's  Re- 
port we  are  ready  for  discussion. 

Mr.  R.  F.  Hosford:  Mr.  President,  there  are  a  few  points  I 
want  to  make  with  respect  to  matters  in  the  report;  first,  as  regards 
the  question  of  the  necessity  of  seasoning.  We  have  2  experiments 
in  which  the  open-tank,  or  hot  and  cold  bath  method  was  applied  to 
both  seasoned  and  green  timber.  In  one  the  poles  have  been  placed 
for  about  15  years.  We  have  a  14-year  record  of  them,  94.5%  of 
the  seasoned  poles  are  perfectly  sound  and  not  changed,  and  98% 
of  the  green  were  in  the  same  condition — ^nothing  to  choose  as  yet 
between  the  green  and  the  seasoned.  In  another  case,  seasoned  and 
green  cedar  poles  were  treated  at  about  the  same  time,  but  not  set 
in  line  until  a  period  of  4  years  had  elapsed.  Reports  covering  the 
treatment  were  to  the  effect  that  the  treatment  of  the  green  cedar 
did  not  proceed  satisfactorily;  nevertheless,  the  10-year  inspection 
just  made  shows  that  the  seasoned  poles  are  in  100%  perfect  con- 
dition, and  95%  of  the  green  poles — again  very  little  difference. 

Another  point  that  has  been  noticed  in  connection  with  these 
poles  is  that  apparently  the  open-tank  treatment  had  a  certain 
seasoning  effect,  that  is,  we  find  perhaps  a  check  which  may  start 
to  run  down  a  pole,  but  peters  out  when  the  treated  section  is 
reached.    That  has  not  only  been  observed  in  these  instances,  but 
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others  have  spoken  to  me  about  noticing  the  same  thing.  So  that 
I  rather  question  the  conclusion  that  such  treatment  cannot  be 
applied  to  green  timber.  It  may  be  more  economical  for  other 
reasons  to  apply  it  to  seasoned  timber,  but  it  is  not  impossible  to 
apply  it  to  green  poles. 

Another  point,  and  this  is  something  that  I  have  studied  by  ex- 
periments, is  that  if  we  carry  along  the  open-tank  treatment  on 
timbers  to  which  we  have  also  applied  the  cylinder-pressure  treat- 
ment, we  find  that  we  get  about  the  same  penetration.  For  instance, 
southern  pine  with  considerable  sap,  we  have  just  for  trial  treated 
pieces  in  the  open-tank  and  obtained  practically  as  good  a  depth 
as  we  would  by  cylinder-pressure  methods.  I  am  inclined  to  believe, 
therefore,  that  there  is  no  fundamental  difference  in  the  results 
obtainable  by  the  2  methods. 

It  seems  to  me  also  that  the  report  might  be  improved  along  the 
economic  side  and  give  more  credit  to  the  lighter  and  more  super- 
ficial treatments.  There  are  a  great  many  cases  where  the  maxi- 
mum life  can  be  obtained  from  such  an  experiment  as  the  chestnut 
pole  case  referred  to  above,  which  now  looks  to  me  like  a  20-year 
increase  in  life.  If  you  spend  a  dollar  to  get  it  you  may  not  be 
able  always  to  utilize  this  big  gain  and  get  the  dollar  back.  Now 
all  of  these  treatments  are  dependent  on  getting  more  than  the 
dollar  back,  so  in  many  cases  such  a  superficial  treatment  as  will 
bring  the  dollar  back  has  to  be  preferred  to  the  more  expensive  one 
which  may  not  do  so. 

The  Presidbnt:  Mr.  Hosford  brought  up  a  very  interesting 
point  that  some  day  we  are  going  to  dig  into, — ^the  apparent  ability 
of  creosote  oil  to  prevent  checking;  the  same  thing  Mr.  Kirkbride 
said;  that  these  20-year  old  ties  did  not  seem  to  broom  out.  We 
do  not  know  very  much  about  this  particular  function  of  the  oil  yet, 
but  we  do  know  there  is  a  very  decided  something  in  creosote  oil 
which  helps  to  keep  the  surface  of  the  timber  solid.  I  would  like 
to  have  some  further  discussion. 

Mb.  J.  H.  Waterman:  Mr.  Chairman,  do  I  understand  you  to 
state  that  creosote  oil  will  not  prevent  timber  from  checking? 

The  Pbesident:     No,  sir. 

Mr.  J.  H.  Waterman:  That  is  the  way  I  understood  it,  and  I 
am  afraid  there  are  a  lot  more  who  understood  it  that  way.  I  am 
here  to  tell  you  that  creosote  oil  properly  applied  will  prevent 
timber  from  checking. 

The  President:     That  is  exactly  what  I  tried  to  say. 
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Mr.  J.  H.  Waterman  :  I  misunderstood  you.  I  thought  we  spoke 
the  same  language  coming  from  the  same  State.     [Laughter,] 

The  President:  Well,  in  other  words,  Mr.  Hosford  noticed  that 
the  checks  ran  out  when  they  got  into  the  oil  treatment;  Mr.  Kirk- 
bride  noticed  the  same  thing  on  the  ties;  I  have  noticed  the  same 
thing,  and  you  have  noticed  the  same  thing. 

Mr.  J.  H.  Waterbaan:     And  I  know  it  prevents  checking. 

The  President?    But  do  you  know  why? 

Mr.  J.  H.  WATERBiAN :  I  know  why.  Why  does  one  man  go  out  and 
husk  corn  in  his  bare  hands  and  they  never  check  while  another  man 
husks  com  and  his  hands  check?  One  man  is  full  of  oil  and  the  oil 
boils  out  and  softens  his  hands  and  they  never  check;  the  other  fel- 
low has  a  dry  hand  and  it  cracks — I  learned  that  when  I  was  a  boy 
on  the  farm.    [Applause,] 

The  President:     Is  there  any  further  discussion? 

Mr.  Carl  G.  Crawford:  In  reply  to  some  of  the  points  brought 
out  by  Mr.  Hosford  it  was  not  the  sense  of  this  Committee  that 
you  cannot  treat  green  timber  by  the  open-tank  process,  but  that 
much  better  work  can  be  done  on  seasoned  timber.  It  does  not 
require  nearly  so  much  care  in  doing  the  work,  nor  does  it  offer 
the  opportunity  for  poor  work  being  done.  In  making  recommenda- 
tions the  Committee  feels  that  the  only  safe  course  to  pursue  is  to 
recommend  that  the  timber  be  well  seasoned.  For  the  other  non- 
pressure  methods  mentioned  in  the  report,  seasoned  timber  should 
be  used. 

As  I  understood  the  latter  part  of  Mr.  Hosford's  remarks,  they 
were  in  line  with  the  recommendations  contained  in  this  report. 

Mr.  Walter  Buehler:  I  think  the  Conmiittee  has  done  abso- 
lutely the  right  thing  to  point  out  the  necessity  for  seasoning  the 
timber  when  the  non-pressure  process  is  to  be  used.  We  do  not 
want  to  forget  this  point:  Mr.  Hosford  has  at  his  beck  and  call  an 
organization  that  can  inspect  the  treatment  and  see  that  every  care 
and  precaution  are  taken  so  that  a  good  treatment  is  the  result. 
The  non-pressure  process  on  the  other  hand  ¥dll  be  used,  and 
should  be  used,  more  universally,  and  will,  therefore,  be  used  by 
users  of  not  the  experience  of  the  organization  that  Mr.  Hosford 
has,  and  it  is,  therefore,  well  to  point  out  that  seasoned  timber 
shall  be  used,  because  in  the  hands  of  the  inexperienced,  disastrous 
results  might  be  obtained  from  the  use  of  green  timber. 

The  President:  Is  there  further  discussion?  If  not  we  will 
accept  the  report  of  the  Committee  as  information.    Thank  you. 

We  will  ask  Mr.  Angier  to  read  the  "Treatment  of  Mine  Tim- 
bers," by  L.  W.  Conrad. 
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TREATMENT  OF  MINE  TIMBER. 

By  L.  W.  Conrad. 

Geologrical  conditions  in  the  anthracite  coal  fields  make  neces- 
sary the  use  of  a  tremendous  amount  of  timber  for  mine  supports, 
etc.  Several  factors  make  the  life  of  this  timber  much  shorter 
than  if  used  outside  the  mines  under  different  conditions. 

There  is  a  constant  stress  on  mine  timber,  and  at  times  the 
squeezing  action  or  subsidence  is  so  great  that  many  of  the  sup- 
ports are  crushed  or  broken  beyond  further  use  or  repair.  Then 
again  the  damp,  warm  atmosphere  in  certain  parts  of  the  mines 
is  especially  favorable  to  the  rotting  of  wood,  by  reason  of  the 
growth  of  such  organisms  as  fungi.  Timber  in  such  places  fur- 
nishes a  number  of  specimens  of  wood-destroying  fungi  which  are 
not  small  factors  in  the  destruction  of  timber  used  inside  the  mines. 

The  choice  native  timber,  or  more  durable  species,  such  as 
Pennsylvania  yellow  (pitch)  pine  and  white  oak  are  undoubtedly 
preferable,  both  as  to  strength  and  durability,  but  such  timbers 
are  becoming  a  thing  of  the  past.  At  present  the  mining  industry 
is  compelled  to  use  black  oak  and  red  oak  and  principally  loblolly 
pine  shipped  from  Maryland,  Virgrinia  and  North  Carolina. 

The  average  life  of  such  timber  is  about  3  years.  Not  only 
is  this  timber  high  in  price  and  short  in  life,  but  there  is  to  be 
added  the  cost  of  labor  in  replacing  timber  broken  or  decayed. 
This  labor  cost  is  approximately  equal  to  one-half  the  cost  of  new 
untreated  timber. 

While  there  are  some  places  in  the  mines  that  will  likely  be 
abandoned  before  the  life  of  the  timber  is  at  an  end,  yet  much 
timber  in  the  main  haulage  and  airways  must  be  in  service  for 
practically  the  entire  life  of  the  mine.  Hence  any  method  of 
treatment  that  will  especially  resist  decay,  and  thereby  prolong 
the  life  of  timber,  will  mean  a  considerable  saving  in  the  operation 
of  any  mine.  Care  should  be  exercised,  however,  to  place  treated 
timber  in  parts  of  the  mines  where  crush  or  squeeze  are  the  least 
likely  to  occur  as  no  treatment  would  be  economical  when  timber 
is  broken  after  being  in  use  a  short  time.  The  factor  of  breakage, 
of  course,  may  not  be  as  serious  in  other  mining  industries  as  it 
seems  to  be  in  the  anthracite  field. 

During  the  years  1906,  1907  and  1908  the  Philadelphia  &  Read- 
ing Coal  &  Iron  Company  conducted  experiments  to  determine  the 
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relative  value  of  creosote,  gas-tar  oil  and  zinc  chloride,  all  of 
which  were  used  in  the  open-tank  method.  It  was,  therefore, 
necessary  to  air-dry  or  season  the  timber  60  or  90  days  in  order  to 
get  the  desired  impregnation.  This  experimental  work  demon- 
strated the  value  of  timber  treated,  and  a  small  pressure  plant 
was  accordingly  erected  at  Silver  Creek  colliery.  New  Philadel- 
phia, Pa.  With  the  pressure  plant  it,  of  course,  was  possible  to 
treat  the  timber  more  economically  as  well  as  more  efficiently. 
For  a  short  time  creosote  and  gas-tar  oil  were  used  with  very 
good  preservative  results,  but  because  of  the  possibility  of  fire  it 
was  concluded  the  presence  of  any  kind  of  oil  would  likely  increase 
the  difficulties  in  fighting  a  mine  fire. 

Beginning  with  1908  zinc  chloride  was  used  in  about  a  4% 
solution,  and  by  injecting  about  V6  lb.  of  zinc  chloride  in  solution 
per  cubic  foot  of  the  timber  we  found  such  treatment  successfully 
resisted  decay.  Zinc  chloride  was  used  until  the  latter  part  of 
1915  when  it  was  rather  difficult  to  purchase  an  adequate  supply  at 
a  reasonable  price.  Upon  the  advice  of  our  chemist  we  began  the 
use  of  sodium  fluoride  which  we  found  readily  obtainable  in  powder 
form  in  conmiercial  quantities.  Sodium  fluoride  is  sparingly 
soluble  in  water,  but  we  began  its  use  with  a  3%  solution,  having 
a  specific  gravity  of  1.08  at  60**  F.  With  both  zinc  chloride  and 
sodium  fiuoride  we  always  aimed  to  get  a  thorough  penetration. 

Sodium  fluoride  can  now  be  purchased  from  a  number  of 
firms,  but  there  is  not  a  great  deal  of  information  as  to  just  what 
purity  of  sodium  fluoride  is  desirable  for  the  treatment  of  mine 
timber.  The  sodium  fluoride  which  we  purchased  has  generally 
shown  an  actual  sodium  fluoride  content  of  over  90%,  although 
we  received  samples  from  various  firms  that  showed  a  variation  in 
sodium  fiuoride  content  of  78%  to  95%. 

The  general  impurities  in  commercial  sodium  fluoride  are 
sodium  silico-fluoride  or  sodium  fluosilicate,  sodium  sulphate,  and 
insoluble  matter  such  as  silica  or  clay.  We  are  not  prepared  to 
discuss  the  advantages  or  disadvantages  of  these  impurities. 

We  have  a  specification  as  follows: 

The  material  should  contain  at  least  94%  actual 
sodium  fiuoride,  other  salts  not  to  exceed  5%,  matter 
insoluble  in  water  not  to  exceed  0.5%;  and  sodium 
carbonate  not  over  1%;  the  material  should  be  free 
from  acid  and  contain  as  little  water  as  possible. 
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During  the  past  2  years,  because  of  war  conditions  and  the 
attending  difficulties  in  procuring  a  regular  supply  of  timber  and 
preservatives,  very  little  work  has  been  done  along  this  line,  but 
we  are  now  accumulating  a  large  stock  of  suitable  timber  which 
will  be  treated  with  sodium  fluoride  in  the  very  near  future. 

Several  hundred  sets,  or  about  75%  of  the  timber  treated  with 
coal-tar  creosote  during  1907  and  1908  were  placed  in  a  gangway 
that  later  was  closed  because  of  mining  conditions  that  developed 
after  the  timbers  were  placed.  However,  a  sufficient  number  of 
sets  so  treated  and  placed  in  other  sections  of  the  mines  show  an 
increased  life  of  10  years.  The  sets  treated  with  water-gas-tar 
oil  have  also  added  to  the  life  of  untreated  timber,  but  do  not  show 
results  equal  to  creosote. 

The  timber  treated  with  sodium  fluoride  (0.3  lb.  salt  per  cubic 
foot)  in  the  mines  the  past  5  years  is  still  in  good  condition.  We 
also  have  experimental  timber  treated  with  zinc  chloride  (0.5  lb. 
salt  per  cubic  foot)  in  use  the  past  10  years  and  still  in  serviceable 
condition.  Both  of  the  above  treatments  show  a  considerably 
increased  life  over  untreated  timber  and  at  an  added  cost  of  about 
25%  to  30%.  In  fact,  the  experimental  timbers  treated  with  the 
various  preservatives  cover  a  total  of  several  thousand  sets  which 
have  conclusively  proven  that  it  is  possible  to  greatly  increase  the 
life  of  timber  used  in  the  mines. 

Thb  President:  Gentlemen,  would  you  care  to  discuss  this 
paper?  The  use  of  sodium  fluoride  particularly  in  minea  looks  like 
a  very  good  proposition.  If  there  is  no  discussion  we  will  ask  the 
Secretary  to  read  the  report  of  Committees  No.  7-3-1  and  2. 


REPORT  OF  COMMITTEES  NO.  7-3-1  AND  2-FLOORINQ 
AND  PAVING 

To  the  M&mbera  of  the  American  Wood-Preservers*  Association: 

Your  Committee  on  Flooring  and  Paving  has  no  report  for  the 
consideration  of  this  convention.  The  Committee  was  late  in  organ- 
izing, and  can  merely  report  progress. 

The  Sub-Committee  on  Flooring  has  been  in  conference  with  the 
idea  of  developing  standard  methods  of  flooring  which  will  embody 
the  latest  improved  methods  of  construction  and  installation.  The 
subject,  however,  is  so  important  that  it  was  decided  by  the  Com- 
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mittee  that  it  would  be  better  to  defer  action  until  more  considera- 
tion could  be  given  the  subject. 

The  Sub-Committee  on  Paving  has  considered  a  number  of  prob- 
lems in  connection  with  street  paving,  car-track  construction,  and 
bridge  floors,  but,  unfortunately,  they  were  unable  to  arrange  for  a 
meeting  of  the  various  members. 

The  work  outlined  for  the  present  Committee  should  be  continued 
during  the  coming  year.    This  work  may  be  outlined  as  follows : 

Sub-Committee  on  Flooring:  The  development  of  stand- 
ard methods  of  flooring. 

Sub-Committee  on  Paving:  The  development  of  standard 
methods  of  paving,  giving  special  attention  to  bridge 
and  car-track  paving. 

Your  Committee  believes  that  better  progress  can  be  obtained 
with  the  responsibility  resting  upon  a  single  chairman,  and  recom- 
mends further  that  the  membership  of  the  Committees  be  decided 
upon  early  in  the  season,  and  that  part  of  the  old  membership  be 
retained  each  year  to  assist  in  organizing  the  work  for  the  new  year. 

L.  T.  Erickson,  Chairman,  Committee  No.  7-3. 

SUB-COMMITTEE  NO.  1 — FLOORING. 

Thomas  Rodd,  Jr.,  Chairman, 
C.  L.  Humphreys, 
L.  P.  Kimball, 
A.  E.  Larkin, 
E.  J.  Stocking. 

sub-committee  no.  2 — ^PAVING 

E.  R.  DUTTON,  Chairman, 
T.  P.  Johnston, 

F.  G.  Marriott, 
K.  J.  Schmaelzle, 
Albert  Schwartz. 

The  President:  If  there  is  no  objection  we  will  accept  the  re- 
port of  the  Committees  as  information,  and  refer  the  recommenda- 
tion to  the  Executive  Committee. 

We  will  ask  that  the  Secretary  read  the  last  paper  for  the  after- 
noon, "Creosoted  Lumber  in  Connection  With  the  Farm  and 
Ranch,"  by  E.  A.  Lindsley. 
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creosotbd  lumber  in  connection  with  the 

FARM  AND  RANCH. 

By  E.  A.  Lindsley. 

A  successful  ranchman  or  farmer  will  tell  you  that  one  of 
the  first  requisites  to  success  is  the  proper  protection  for  tools, 
crops  and  animals.  He  will  also  tell  you  that  the  features  of  per- 
manence, durability  and  sanitation  are  the  most  important  ones 
to  be  considered. 

Creosoted  wood  blocks,  timbers  and  posts  may  be  designed 
to  economically  meet  all  requirements  of  modem  farm,  or  ranch 
construction.  They  are  being  used  extensively  for  such  purposes 
throughout  the  United  States  and  Canada,  for  flooring,  stables, 
chicken  houses,  garages,  piggeries,  machine  sheds,  etc.;  for  pav- 
ing exterior  driveways  and  bridges;  for  sills,  joists,  etc.  in  all 
buildings;  for  silos  and  for  fence  posts.  These  materials  are 
thoroughly  treated  against  decay  and  are  rendered  sanitary  and 
antiseptic  by  the  creosoting  process. 

The  qualities  of  permanence  and  sanitation  alone  make  creo- 
soted materials  ideal  for  use  in  modem  farm  buildings. 

Floors. — Perhaps  of  greatest  importance  to.  the  farmer  or 
ranchman  is  the  creosoted  wood  block  for  use  as  stable  floors. 
Such  floors  are  very  highly  recommended  by  prominent  dairy- 
men, veterinarians  and  breeders  of  valuable  stock  throughout 
America. 

In  these  days  of  scientific  stock  raising,  when  a  horse,  cow 
or  pig  cannot  be  purchased  for  the  low  prices  that  once  pre- 
vailed, and  when  the  price  of  a  single  animal  is  often  more  tiian 
the  price  of  a  sheltering  barn,  it  is  obvious  that  the  best  is  none 
too  good  for  the  comfort  and  health  of  the  animal. 

From  the  standpoint  of  health  and  sanitation,  the  floor  is 
the  most  important  part  of  the  stable,  since  it  is  there  that  germ- 
carrying  diseases  live  and  propagate.  Veterinarians  and  bac- 
teriologists claim  that  the  hoof  and  mouth  disease  and  hog 
cholera  are  best  combated  by  cleanliness  and  by  such  precautionary 
measures  as  the  use  of  sanitary  flooring.  For  instance,  the  hoof 
and  mouth  disease  is  spread  by  germs.  When  live-stock  are  af- 
fected by  these  germs  they  naturally  leave  some  of  the  germs 
on  the  floor,  causing  infection  of  other  animals  that  might  use 
the  same  stalls  or  pens,  or  in  some  other  way  come  into  contact 
with  the  germs.  Infection  is  possible  in  so  many  ways  that 
any  chance  to  retard  the  disease  should  not  be  overlooked. 
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Health  and  sanitation  in  bams  and  stables  by  means  of  the 
use  of  creosoted  block  floors  are  made  possible  because  of  the 
ease  with  which,  the  floors  may  be  cleaned,  and  because  of  the 
high  germicidal  properties  of  the  antiseptic  oil  with  which  the 
blocks  are  treated. 

The  wood  used  in  the  manufacture  of  these  blocks  is  care- 
fully selected,  injected  with  a  highly  antiseptic  preservative  oil, 
forced  into  the  interior  of  the  wood  in  treating  process  by  hy- 
draulic pressure.  This  highly  antiseptic  preservative  oil  is  ob- 
tained from  the  fractional  distillation  of  coal  tar,  some  of  the 
components  of  which  are  anthracine,  napthaline,  etc.,  all  of  which 
are  highly  germicidal. 

Creosoted  block  floors,  therefore,  reduce  the  virulence  of  in- 
fectious material  on  the  floor,  and,  although  the  causes  for  in- 
fection may  be  many,  the  use  of  a  clean,  sanitary  floor  is  highly 
desirable  to  secure  better  conditions  of  health  and  sanitation. 

The  advantages  of  creosoted  wood  block  floors  for  stables,  etc., 
may  be  summed  up  as  follows: 

1. — Durability. — All  the  wear  comes  on  the  end  of  the  grain, 
the  same  as  upon  a  wood  mallet.  Tests  have  shown  that  a 
creosoted  block  will  outwear  brick,  concrete,  oak  plank  or  stone. 
After  the  top  fibers  of  the  block  are  compressed  there  will  be 
practically  no  wear.  Creosote  oil,  with  which  the  blocks  are 
treated,  thoroughly  preserves  them  from  decay. 

2. — Sanitation. — They  have  a  smooth  surface,  are  non- 
absorbent  and  easily  cleansed.  They  are  treated  with  an  anti- 
septic oil  that  destroys  all  germs  and  vermin  that  commonly  in- 
fect the  average  bam  floor. 

3. — Warmth. — They  are  non-conductors  of  heat,  and,  as  a 
result,  are  warm  and  restful,  retaining  all  the  warmth  that  is 
produced  by  the  animal's  body.  This  effects  a  considerable  saving 
in  the  amount  of  bedding  that  is  necessary,  as  compared  with  a 
cold,  hard  floor. 

4. — Easy  Underfoot. — Their  resilience  prevents  sore  hoofs, 
stiff  joints,  big  knees,  rheumatism,  etc. 

5. — Non-Slippery. — They  may  be  laid  so  as  to  give  a  good 
foothold  for  animals  under  wet  or  dry  conditions.  They  may  be 
laid  on  grades  and  at  the  same  time  eliminate  the  possibility  of 
injury  from  slipping. 
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6. — Low  Maintenance. — When  properly  laid  they  will  out- 
last the  stable,  bam  or  pen  in  which  they  may  be  installed,  with 
no  repairs  or  maintenance  cost. 

7. — Fire  Resistance. — The  creosoted  block  will  resist  fire 
greater  than  an  untreated  wooden  floor.  This  statement  has  been 
repeatedly  proven  by  such  instances  as  the  following:  Eleven  farm 
buildings  owned  by  the  Knudsen  Dairy,  near  Toledo,  Ohio,  re- 
cently burned.  The  heat  was  so  intense  that  concrete  floors  were 
broken  up  and  disintegrated.  The  wood-block  floors  installed  in 
the  modem  dairy  bam  were  practically  unaffected. 

The  use  of  creosoted  wood  blocks  for  farm  buildings  are 
not  an  experiment.  They  have  been  subjected  to  years  of  hard 
usage  in  dairy-bams,  horse-stables,  bull-pens,  calf-pens^  hog- 
houses,  etc.,  and  have  successfully  withstood  the  test  of  time. 
Leading  scientific  farmers  throughout  America  recommend  them 
without  reservation. 

Dairy-barn  flooring  has  been  a  very  serious  problem  up  to 
within  the  last  few  years.  Nature  never  intended  the  dairy  cow 
to  stand  on  hard,  unyielding  floors  day  after  day  and  night  after 
night;  nature  never  intended  the  dairy  cow  to  lie  down  on  damp, 
cold  concrete  to  rest  her  warm,  sensitive  udder  upon  its  cold 
surface.  Concrete  is  not  a  suitable  material  for  stables;  it  is 
hard,  cold,  damp  and  uncomfortable.  An  uncomfortable  cow  can- 
not yield  her  maximum  of  milk.  A  floor  of  wood  plank,  though 
easy  \inder  foot,  will  soon  rot  and  require  renewal. 

Sanitation  plays  a  most  important  part  in  successful  hog- 
raising.  For  the  hog-barns,  therefore,  particularly  in  farrowing 
time,  the  warmth  and  comfort  of  a  creosoted  block  floor  will 
prove  invaluable.  The  farrowing  sows  need  a  dry,  warm  floor  on 
which  to  lie,  and  the  little  pigs  need  a  warm  floor  as  much  more 
than  their  mother. 

A  creosoted-block  floor  is  germproof,  acts  as  a  fly  and  ver- 
min repellant  and  is  one  of  the  biggest  aids  possible  to  sanita- 
tion in  hog-houses. 

Hogs  Ijring  on  a  cold  concrete  floor  are  very  apt  to  get  rheu- 
matism. The  concrete  draws  the  heat  from  the  body  and  the 
hogs  become  chilled  through  in  a  very  short  time. 

Creosoted  Lumber  in  Chicken-Houses.— The  advantage  of 
creosoted  lumber  for  use  in  hen-houses  are  apparent.  Warmth 
and  the  absence  of  lice,  nits,  etc.,  are  some  of  the  most  important 
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features  in  successful  poultry  raising,  with  subsequent  satisfac- 
tory egg-production. 

Creosoted  Staves. — The  use  of  creosoted-wood  staves  for 
silos  has  increased  by  leaps  and  bounds  since  authoritative  analyses 
have  been  made  of  ensilage  in  contact  with  these  staves.  It  was 
found  that,  although  the  ensilage  contained  a  certain  amount  of 
creosote,  it  does  not  prove  injurious  to  the  health  or  appetite  of 
the  cattle.  Government  bulletins  have  been  issued  confirming  the 
above.  The  use  of  creosoted  timbers  in  silos  greatly  increases  the 
life  of  the  wood,  because  of  the  decay-resisting  qualities  of  the 
preserved  timbers. 

Creosoted  Posts. — ^The  day  is  past  when  farmers  may  be 
able  to  either  go  to  their  own  wood-lot  for  posts,  or  purchase 
from  a  local  dealer  at  a  nominal  sum.  Furthermore,  labor  is 
expensive  and  scarce.  These  facts  prove  that  the  successful, 
thinking  farmer  or  ranchman  will,  in  the  future,  use  creosoted 
posts  that  have  been  preserved  against  decay,  thus  effecting  a 
saving  of  considerable  proportion  on  his  fence  maintenance. 

General  Use  of  Creosoted  Lubiber. — There  are  many  places 
on  the  farm  or  ranch  where  creosoted  lumber  should  be  used. 
The  time  and  expense  of  repairs  could  be  greatly  reduced  if 
treated  lumber  were  used  as  sills  and  joists  of  all  buildings,  for 
scale  pits,  platforms,  on  bridges,  corrals,  water  conduits,  tanks,  etc. 

The  use  of  creosoted  lumber  has  increased  very  rapidly,  and 
the  saving  thus  effected  more  than  balances  the  initial  first 
cost.  The  time  has  long  since  arrived  when  the  growing  scarcity 
and  high  price  of  lumber  and  structural  materials  must  be  off- 
set by  increasing  its  longevity.  The  successful  farmer  or  ranch- 
man does  not  hesitate  to  use  paint  to  improve 'the  appearance  of 
his  property.  The  day  has  arrived  when  creosoted  lumber  must 
be  used  just  as  judiciously  for  all  places  where  heretofore  un- 
treated wood  did  not  give  the  requisite  degree  of  permanence. 

The  President:  Gentlemen,  we  have  enjoyed  this  paper  very 
much,  and  if  you  can  add  anything  that  has  been  overlooked  we 
would  be  glad  to  have  you  do  so.  If  not,  we  will  stand  adjourned 
and  meet  in  this  room  at  6:30  o'clock  for  dinner.  Be  prompt,  please, 
and  this  evening  we  have  the  marine  piling  report,  which  is  very 
important. 

TUESDAY   EVENING   SESSION 

January  25,  I92I. 

The  President:  The  meeting  will  please  come  to  order.  We 
would  like  to  have  the  report  of  the  Marine  Piling  Committee. 
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REPORT  ON.  THE  SAN  FRANCISCO  BAY 
MARINE  PILING  SURVEY 


INTBODUOTOBT 
B7  E.  M.  Blake 

Early  in  the  year  1914,  the  activity  of  marine  borers  was  noticed 
in  the  dykes  of  the  Mare  Island  Navy  Yard,  at  the  upper  extremity 
of  San  Pablo  Bay,  which  is  the  northern  arm  of  San  Francisco  Bay, 
as  well  as  at  two  nearby  points  on  the  east  shore  of  that  bay.  One 
of  the  latter  was  a  dock  between  Crockett  and  Yallejo  Junction  and 
the  other  a  dock  at  Oleum,  a  mile  or  so  south  of  Crockett.  Sporadic 
attacks  of  marine  borers  are  reported  to  have  been  observed  in  that 
region  at  isolated  times  running  as  far  back  as  1870,  although  no 
certainly  authentic  records  of  them  could  be  secured.  In  any  case, 
however,  these  attacks  were  of  short  duration  and  did  no  serious 
damage.  For  many  years  previous  to  the  attack  of  1914  the  unusual 
facilities  offered  around  the  shores  of  San  Pablo  Bay  and  the  water- 
front above  that  bay,  including  Carquinez  Straits,  Suisun  Bay,  and 
the  lower  course  of  the  Sacramento  Biver,  had  attracted  many  large 
industries.  The  waterfront  structures  erected  by  these  varied  indus- 
tries were  all  built  on  untreated  piling,  because  of  the  absence  of 
marine  borer  activity  in  those  waters  and  the  belief  that  the  fresh 
water  discharged  into  San  Pablo  Bay  from  the  combined  flows  of  the 
Sacramento  and  San  Joaquin  Bivers  would  probably  prevent  any 
invasion  of  San  Pablo  Bay  by  salt  water,  which  would  carry  with  it 
the  various  forms  of  marine  borers. 

The  attack  of  1914  appeared  to  be  sporadic,  like  the  earlier  ones. 
But  in  1917  attacks  by  the  same  shipworm,  which  was  identified  as  a 
teredo,  again  appeared  at  and  near  Mare  Island,  and  during  the  following 
years  spread  very  rapidly  and  increased  in  severity.  In  the  latter 
part  of  1919  the  attacks  had  progressed  to  such  an  extent  that  parts 
of  waterfront  structures  and  in  some  cases  whole  docks  began  to  fail 
(pi.  1,  fig.  1).  In  1920  these  failures  assumed  such  proportions  and 
became  of  such  frequent  occurrence  that  the  critical  nature  of  the 
local  situation  was  brought  to  the  attention  of  the  officials  of  the 
American  Wood-Preservers'  Association  on  June  16,  1920  (pi.  1,  figs. 
2  and  3;  pi.  2).  As  a  result,  a  special  committee  was  appointed  on 
July  22,  1920,  to  study  the  marine  piling  problem  in  San  Francisco 
Bay,  with  instructions  to  report  at  the  Seventeenth  Annual  Meeting 
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of  the  Association  at  San  Francisco  in  January,  1921.  The  committee 
so  appointed  was  enlarged  from  time  to  time  as  new  local  interests 
became  enlisted,  but  began  its  active  work  late  in  July,  1920. 

Shortly  before  June  16,  1920,  but  practically  coincident  with  the 
above  action,  the  Forest  Products  Laboratory  of  the  U.  S.  Forest 
Service  at  Madison,  Wis.,  had  proposed  a  plan  for  the  study  of  the 
marine  piling  problem  covering  the  entire  coastal  waters  of  the  con- 
tinental United  States.  During  preceding  years  the  Laboratory,  as 
well  as  other  agencies,  had  made  various  local  studies  of  the  activities 
of  marine  borers  and  the  methods  of  their  control.  One  such  project 
was  initiated  in  1910-1911  by  the  Forest  Products  Laboratory  and 
the  California  District  of  the  Forest  Service,  in  cooperation  with  the 
University  of  California  through  Professor  Charles  A.  Kofoid  for  the 
biological  aspects  of  the  problem.  It  had  in  view  a  study  covering  the 
harbors  of  California.  Two  phases  of  the  project  were  carried  out, 
involving  the  experimental  testing  in  the  harbors  of  San  Francisco 
and  San  Diego  of  various  species  of  wood,  methods  of  protection,  and 
treatment  with  different  fractions  of  coal  tar  creosote.  These  studies, 
however,  had  been  scattered  and  more  or  less  fragmentary,  and  the 
Laboratory  decided  that  it  was  now  desirable  to  bring  the  results 
of  all  these  studies  together  and  thoroughly  investigate  the  entire 
problem,  including  the  engineering,  biological  and  chemical  phases  of 
the  subject. 

In  this  situation,  it  was  the  logical  step  to  unite  both  proposals, 
and  the  San  Francisco  Bay  Marine  Piling  Survey  became,  therefore, 
the  first  unit  of  the  proposed  nation-wide  program  of  the  Forest 
Products  Laboratory,  under  joint  cooperation  with  the  American 
Wood-Preservers'  Association. 


Authority  for  Investigation 

The  San  Francisco  Bay  Marine  Piling  Survey  was  definitely  begun 
in  September,  1920,  as  a  cooperative  undertaking  between  the  Ameri- 
can Wood-Preservers'  Association,  acting  through  a  special  committee 
appointed  for  that  purpose  as  above  stated,  and  designated  as  the 
San  Francisco  Bay  Marine  Piling  Committee;  the  U.  S.  Forest  Service, 
acting  through  the  Forest  Products  Laboratory  of  Madison,  Wis., 
and  through  the  California  District  of  the  Forest  Service  at  San 
Francisco;  and  the  University  of  California,  acting  through  the  De- 
partment of  Zoology.  The  authority  and  instructions  for  making 
the  survey  were  granted  by  the  bodies  above  mentioned  and  the 
investigation  was  made  possible  through  the  generosity  of  interested 
parties  in  and  around  San  Francisco  Bay  who  contributed  the  funds 
to  meet  the  necessary  expenditures. 
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Organisation 

The  personnel  of  the  San  Francisco  Bay  Marine  Piling  Committee 
is  as  follows: 

Frank  D.  Mattos,  Manager  Treating  Plants,  Southern  Pacific  Com- 
pany, Oakland,  Calif.,  Chairman. 

C.  L.  Hill,  in  Charge  Office  of  Forest  Products,  XT.  S.  Forest  Ser- 
vice, San  Francisco,  Executive  Officer. 

E.  M.  Blakk,*  San  Francisco,  Production  Engineer,  Charles  B. 
McCormick  &  Co.  and  the  St.  Helens  Creosoting  Company,  Sec- 
retary and  Fiscal  Agent. 

Dr.  Chakles  A.  KoFom,  Professor  of  Zoology  and  Assistant  Director 

of  the  Scripps  Institution  for  Biological  Besearch,  University 

of  California,  Berkeley,  Calif. 
A.  M.  Baxter,  J.  H.  Baxter  &  Co.,  San  Francisco,  Agents  for  Pacific 

Creosoting  Co.  and  Colman  Creosoting  Works,  Seattle. 
A.   A.   Brown,   Construction  Engineer,  California  and   Hawaiian 

Sugar  Befining  Co.,  Crockett,  Calif. 
H.  J.  Brunnier,  Consulting  Engineer,  San  Francisco. 
Carlos  E.  Gortes,  Construction  Engineer,  Shell  Company  of  Cali- 
fornia, Martinez,  Calif. 
C.  E.   Grunsky,   Consulting  Engineer,   San   Francisco    (Honorary 

Member). 
Lieut.  Allen  Hoar,  Corps  of  Civil  Engineers,  U.  S.  Navy,  Mare 

Island  Navy  Yard  (Honorary  Member). 
Capt.  C.  S.  Jarvis,  Corps  of  Engineers,  U.  S.  Army,  Fort  Mason, 

San  Franciscot  (Honorary  Member). 
li.  D.  JuRS,  Chief  Engineer,  Associated  Oil  Company,  San  Francisco. 
W.  H.  Ktrkbrtde,  Engineer  of  M.  of  W.  &  S.,  Southern  Pacific 

Company,  San  Francisco. 
Lieut.  C.  L.  Macrae,  Corps  of  Civil  Engineers,  U.  S.  Navy,  Mare 

Island  Navy  Yard  (Honorary  Member). 
Fred  H.  Muhs,  Vice  President,  San  Francisco  Bridge  Company, 

San  Francisco. 
Balph  Bawson,  Consulting  Timber  Engineer,  Portland,  Ore. 
T.  G.  Townsend,  Engineer  in  Forest  Products,  Forest  Products 

Laboratory. 
O.  R  West,  Asst.  Engineer,  Atchison,  Topeka  &  Santa  Fe  By., 

San  Francisco. 

F.  G.  White,  Chief  Engineer,  Board  of  State  Harbor  Commissioners, 
San  Francisco. 

J.  W.  Williams,  Chief  Engineer^  Northwestern  Pacific  Bailroad, 
San  Francisco. 


*  Deceased  January  12,  1921. 

t  Since  transferred  to  Camp  Lewis,  Washington. 
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All  of  the  above,  with  the  exception  of  the  honorary  members,  are 
members  of  the  American  Wood-Preservers'  Association. 

In  the  conduct  of  the  work  the  Forest  Products  Laboratory  of  the 
U.  S.  Forest  Service  is  represented  by  George  M.  Hunt,  in  charge 
Section  of  Wood  Preservation,  and  T.  G.  Townsend. 

The  California  District  of  the  U.  S.  Forest  Service  is  represented 
by  C.  L.  HiU. 

The  University  of  California  is  represented  by  Professor  Charles 
A.  Kofoid. 

In  addition  to  the  members  of  the  Committee  and  the  interests 
directly  represented  by  them,  many  others  have  assisted  actively  in 
the  work,  either  by  financial  contribution  or  through  furnishing  the 
Committee  with  information  and  giving  personal  service  in  some 
phase  of  the  survey.  The  names  of  the  contributors  to  the  fund  for 
the  survey  will  be  found  in  Appendix  A.  To  all  such  the  Committee 
desires  to  express  its  full  appreciation  and  acknowledge  its  obligation. 
Without  the  financial  support  given  by  the  contributors  to  the  fund, 
it  is  probable  that  the  study  of  the  marine  piling  problem  in  San 
Francisco  Bay  at  this  pajrticular  critical  period  would  have  been 
very  much  limited  in  its  scope.  Seldom,  it  is  believed,  has  a  cooper- 
tive  scientific  investigation  of  such  magnitude  as  this  one  received 
a  greater  or  more  cordial  support.  Special  acknowledgment  is  made 
of  the  courtesies  extended  by  the  U.  S.  Navy,  through  the  Command- 
ant of  the  Mare  Island  Navy  Yard,  and  by  the  U.  S.  Army,  through 
the  Commanding  Officer  at  Fort  Winfield  Scott,  in  the  furnishing  of 
boats  and  assistance  for  the  investigation.  The  following  have  also 
given  special  assistance  to  the  work  of  the  survey: 

F.  W.  Camp,  Contractor,  San  Francisco. 

H.  O.  Demeritt,  San  Francisco-Oakland  Terminal  Railways,  Oak- 
land. 

W.  W.  DeWinton  and  W.  J.  Hunter,  Moore  Shipbuilding  Company, 
Oakland. 

H.  K.  Heck,  Harbor  Engineer,  City  of  Oakland. 

Howard  C.  Holmes,  Consulting  Engineer,  San  Francisco. 

C.  M.  Mardel  and  W.  T.  Richards,  San  Francisco-Sacramento  Rail- 
road, Oakland. 

The  Monticello  Steamship  Company,  Vallejo. 

The  Petaluma  &  Santa  Rosa  Railroad,  Petaluma. 

San  Francisco,  Napa  &  Calistoga  Railroad,  Napa. 

H.  L.  Smith,  Union  Oil  Company,  Oleum. 

Thos.  B.  Swift  and  O.  K.  Smith,  Mountain  Copper  Company,  Mar- 
tinez. 
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Objects  and  Btvlslon  of  the  Work 

The  objects  of  the  survey  were  to  determine  the  extent  of  the 
damage  from  marine  borers  in  San  Francisco  Bay,  especially  that 
of  excessive  severity  which  has  occurred  within  the  last  three  years 
in  the  northern  portion  of  the  bay;  to  determine  the  present  distri- 
bution of  the  several  marine  borers  and  as  much  of  their  past  history 
in  the  bay  as  it  was  possible  to  learn;  to  increase  the  present  knowl- 
edge of  the  dissemination,  growth  and  habits  of  the  borers;  to  study 
the  factors  influencing  the  rate  of  attack  and  amount  of  damage 
from  them,  including  the  effect  of  climate  and  river  discharge  upon 
the  salinity  conditions  in  the  bay;  to  throw  more  light  upon  the 
effectiveness,  both  in  physical  life  and  economic  advantage,  of  the 
various  methods  of  protecting  wooden  piling,  and  of  the  substitutes 
for  it,  together  with  the  best  methods  of  construction  which  have 
been  developed;  and  to  collect  data  on  the  relative  costs  of  the  differ- 
ent methods  of  protection  and  construction. 

In  order  to  accomplish  these  objects,  the  investigation  was  organ- 
ized along  three  distinct  lines: 

1.  Hydrographic  Phase,  This  phase  had  to  do  with  the  effect  of 
climatic  conditions  and  river  discharge  upon  the  salinity  of  the  water 
in  the  northern  arm  of  San  Francisco  Bay  and  its  tributaries.  This 
part  of  the  survey  was  entrusted  to  Mr.  C.  E.  Grunsky  and  Captain 
C.  S.  Jarvis,  whose  familiarity  with  the  conditions  and  problems  of 
the  Sacramento  and  San  Joaquin  Bivers  and  their  watersheds  has 
made  possible  this  valuable  addition  to  the  report  of  the  Committee, 
with  its  vital  bearing  upon  the  marine  piling  problems  encountered  in 
the  upper  bay. 

2.  BioloffuxU  Phase,  This  phase  had  to  do  with  the  present  distri- 
bution of  marine  borers,  their  past  history,  their  dissemination, 
growth,  and  habits,  and  the  factors  influencing  their  rate  of  attack 
and  the  resulting  damage.  This  part  of  the  survey  was  entrusted  to 
Professor  Chas.  A.  Kofoid,  and  through  his  cooperation  the  Committee 
is  enabled  to  present  in  this  report  what  is  believed  to  be  one  of  the 
most  valuable  contributions  to  the  biological  knowledge  of  marine 
borers  so  far  made. 

3.  Engineering  Phase,  This  phase  had  to  do  with  the  design,  con- 
struction, maintenance  and  repair,  with  their  costs,  of  marine  water- 
front structures  already  attacked  by  or  subject  to  the  attack  of  marine 
borers,  and  covered  an  investigation  of  many  different  methods  of 
protection  against  such  attacks.  During  the  most  important  part 
of  this  phase  of  the  survey,  the  Committee  was  fortunate  in  having 
the  personal  assistance  of  Mr.  George  M.  Hunt  of  the  Forest  Products 
Laboratory  at  Madison,  Wisconsin. 
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Development  of  the  Survey 

A  questionaire  was  first  sent  out  to  the  owners  of  all  important 
waterfront  structures  in  San  Francisco  Bay  and  its  tributaries,  the 
returns  from  which  not  only  furnished  valuable  information  to  the 
Committee  but  also  helped  in  planning  the  various  stages  of  the  field 
investigations.  On  account  of  the  peculiar  problems  involved  in  the 
biological  phase  of  the  study,  it  was  seen  that  certain  definitely  out- 
lined'experimental  work  would  be  necessary.  The  importance  of 
uniformity  in  that  work  and  the  fact  that  much  of  it  would  have  to 
be  done  by  widely  scattered  cooperators  made  necessary  the  careful 
preparation  by  the  Committee  of  a  manual  of  instructions  covering 
the  methods  to  be  followed  in  the  determination  of  salinity,  in  the 
placing  of  test  specimens,  in  the  preparation  and  preservation  of  bio- 
logical and  other  specimen  material  and  in  the  collection  and  sub- 
mission of  reports  and  photographs.  The  form  of  the  questionaire  will 
be  found  in  Appendix  B,  and  the  instructions  in  Appendix  C. 

In  the  work  of  the  survey  engineers,  some  time  was  at  first  spent 
in  trips  of  a  reconnaissance  nature.  Attention  was  then  turned  to 
the  areas  most  essential  to  the  purposes  of  the  survey.  Arrangements 
were  made  wherever  possible  for  the  pulling  of  piles  and  every  oppor- 
tunity possible  was  taken  to  witness  such  pulling  where  alterations 
or  repairs  were  in  progress.  Meanwhile  an  attempt  was  made  to 
gather  all  the  information  available  from  the  files  of  cooperating 
companies  and  other  agencies,  both  public  and  private. 

As  the  work  progressed,  however,  its  evident  magnitude  increased 
so  rapidly  that  it  became  apparent  that  only  a  progress  report  could 
be  attempted  in  the  short  time  available.  Much,  therefore,  remains 
to  be  done,  as  will  be  indicated  in  the  recommendations  for  contin- 
uance of  the  study  to  be  found  at  the  end  of  the  Engineering  section 
of  the  report. 


Qeographical  Setting  of  the  Problem 

The  name  '  *  San  Francisco  Bay ' '  is  technically  applied  only  to  the 
larger  and  more  important  southern  arm  of  the  body  of  water  which 
has  its  connection  with  the  Pacific  Ocean  through  the  Gulden  Gate. 
The  name  is  more  often  used  than  any  other,  however,  when  it  is 
desired  to  indicate  the  entire  body  of  water.  This  larger  bay  has  its 
longer  dimensions  closely  parallel  to  the  seacoast.  It  is  52  statute 
miles  in  its  greatest  length  in  a  single  direction,  and  has  a  maximum 
width  of  slightly  under  12  miles.  The  outlet  through  the  Golden  Gate 
is  at  a  point  about  three-fifths  of  the  total  length  of  the  bay  from 
south  to  north.  At  a  point  about  one-half  of  the  remaining  distance 
north  from  the  Golden  Gate  the  width  of  the  bay  is  reduced  to  a  little 
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over  one  mile,  and  that  point  marks  the  division  between  San  Fran- 
cisco Bay  proper  and  the  upper  area  known  as  San  Pablo  Bay. 

At  the  eastern  end  of  San  Pablo  Bay  there  enters  a  channel  known 
as  Oarquinez  Straits,  through  which  the  combined  flow  of  the  Sacra- 
mento and  San  Joaquin  Bivers  is  discharged  into  San  Pablo  Bay. 
The  Carquinez  Straits  are  from  seven  to  eight  miles  in  length  and 
above  them  is  a  large  area  of  water  composed  of  many  tidal  flats  and 
salt  marshes  known  as  Suisun  Bay.  At  a  point  about  18  miles  above 
Carquinez  Straits  is  the  junction  of  the  Sacramento  and  San  Joaquin 
Rivers.  Above  that  junction  both  rivers  meander  in  constantly  divid- 
ing and  re-uniting  channels  through  an  extensive  delta  region  of 
islands,  sloughs  and  marshes. 

Reference  to  the  map  which  accompanies  this  report  will  make 
clear  the  geographical  relations  which  have  been  described. 

Hlstoilcal 

San  Francisco  Bay,  in  common  with  most  ocean  harbors,  has  been 
subject  to  marine  borer  activity  ever  since  records  have  been  kept  in 
this  respect,  although  tradition  says  that  the  ship  worm  was  not 
known  there  in  Spanish  days  and  did  not  become  a  menace  until  after 
the  large  shipping  increase  in  the  port  which  followed  the  gold  rush 
of  1849.  The  damage  caused  by  marine  borers  became  a  serious  prob- 
lem, however,  not  many  years  afterwards. 

In  a  paper  by  Jaipes  McKeon,  appearing  in  the  official  Proceedings 
of  the  Pacific  Coast  Bailway  Club  for  1904,  it  is  stated  that  in  1897 
Limnoria  had  not  yet  made  its  appearance  in  Humboldt  Bay,  and  in 
1900  they  were  doing  but  little  damage  in  Seattle  and  Tacoma.  **In 
1896,''  continues  Mr.  McKeon,  ''Mr.  Marsden  Manson,  an  engineer 
of  high  standing,  stated  in  a  newspaper  article  that  the  damage 
wrought  by  Teredo  and  Limnoria  in  the  harbor  of  San  Francisco  alone 
amounted  to  $250,000."  Speaking  of  the  old  Fremont  street  wharf, 
he  says,  **0n  Saturday,  June  25,  1892,  the  ship  'Cyrus  Wakefield,' 
moored  to  this  wharf  in  a  light  storm,  towed  a  portion  of  this  struc- 
ture into  the  bay.  An  examination  showed  that  the  piles  were  entirely 
destroyed  by  Teredo," 

In  the  early  engineering  reports  of  this  region  similar  references 
are  frequently  made  to  the  "teredo."  It  is  unlikely,  however,  that 
the  earlier  writers  had  any  technical  knowledge  of  the  different  kinds 
of  borers.  So  far  as  biologists  know,  the  only  shipworm  observed  in 
these  waters  prior  to  1914  was  the  Xyloirya,  This  borer,  together 
with  the  Limnoria,  were  the  ones  which  had  caused  the  principal 
damage  in  San  Francisco  Bay  prior  to  that  time. 

Destruction  from  marine  borers  in  San  Francisco  Bay  has  been 
most  active  in  the  regions  nearest  the  Golden  Gate,  where  unprotected 
timber  is  destroyed  within  a  few  months.     Destruction  is  nearly  as 
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rapid  southward  around  the  San  Francisco  waterfront.  On  the  Oak- 
land side  destruction  is  somewhat  less  rapid,  unprotected  piling  last- 
ing from  18  months  to  three  years.  In  the  Oakland  estuary  the  activ- 
ity of  Limnoria  is  greater  than  that  of  the  Xylotrya  and  piling  may 
be  destroyed  in  as  short  a  time  as  six  moiiths  (pi.  3).  From  South 
San  Francisco  on  the  western  side  of  the  bay  and  Alameda  on  the 
eastern  there  is,  southward,  a  vast  stretch  of  shoreline  enclosing  the 
southern  end  of  the  bay,  which  is  its  largest  area.  Industrial  activity  of 
a  kind  which  requires  waterfront  construction  is  very  scanty,  however, 
in  this  southern  area.  There  are,  therefore,  few  structures  from  which 
the  activity  of  borers  may  be  measured.  On  account  of  the  much 
greater  industrial  importance  of  the  northern  areas  and  the  very  short 
time  available,  a  complete  study  of  the  southern  area  was  not 
attempted.  Some  investigations^  however,  were  carried  as  far  south 
as  the  Dumbarton  cutoff.  At  the  plant  of  the  Schaw-Batcher  Com- 
pany in  South  San  Francisco,  there  was  found  an  attack  by  a  form 
of  teredo  not  observed  during  this  survey  in  the  northern  part  of  the 
•  bay  area.  This  will  be  discussed  in  the  biological  section  of  the 
report. 

In  the  northern  afea,  including  the  lower  course  of  the  Sacra- 
mento Biver,  Suisun  Bay,  Oarquinez  Straits  and  the  adjacent  portions 
of  San  Pablo  Bay,  many  of  the  piling  structures,  although  built  wholly 
of  untreated  wood,  had  stood  from  30  to  40  years.  The  destruction 
there  since  1917  by  the  teredo  has  been  swift  and  unusually  severe. 
Every  waterfront  structure  as  far  upstream  as  Antioch  has  been 
attacked  by  the  Teredo,  Following  is  a  list  of  the  more  important 
structures  which  have  shown  the  effect  of  the  most  serious  and  con- 
centrated attack  by  marine  borers  in  that  area  during  the  last  two 
years: 

Hercules 

Fernandez  Wharf. 

Hercules  Powder  Co. 
Bodeo 

6-Minute  Ferry. 
Oleum 

Union  Oil  Co. 
Selby 

American  Smelters  &  Securities  Co. 
Vallejo  Junction 

Southern  Pacific  Bailroad  ferry. 
Black  Point 

Northwestern  Pacific  Bailroad  bridge. 

State  Highway  bridge. 
Mare  Island 

U.  S.  Navy  structures:  dykes  (one  8000  feet  long),  docks,  and 
causeway  (3500  feet  long). 
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Napa  Junction 

Associated  Oil  Co. 
Vallejo 

Ferry  to  Navy  Yard. 

Southern  Pacific  Bailroad  ferry. 

San  Francisco,  Napa  &  Calistoga  Bailroad. 

Monticello  Steamship  Co. 
South  Vallejo 

Ferry  to  Bodeo. 

Southern  Pacific  Bailroad  ferry. 

Sperry  Flour  Co. 

6-Minute  Ferry  to  Crockett. 
Crockett 

Port  Costa  Lumber  Go. 

Mateon  Navigation  Co. 

6-minute  Ferry. 

California-Hawaiian  Sugar  Befining  Co. 

Banker's  Warehouse. 

Fort  Bragg  Dock. 
Port  Costa 

Granger's  Dock. 

McNear   Warehouses. 

Southern  Pacific  Bailroad  ferry  and  other  structures. 

Associated  Oil  Co. 
Benicia 

U.  S.  Shipping  Board  pile  boom. 

Southern  Pacific  Bailroad  ferry. 

Municipal  wharf  and  ferry. 

Southern  Pacific  Bailroad  river  boat  docks. 

G.  W.  Hume  &  Co. 

Kullman^Salz  Co. 

U.  S.  Arsenal  piers. 
Martinez 

Municipal  wharf  and  ferry. 

Shell  Co.  of  California. 

American-Oriental  Oil  Co. 

Mountain  Copper  Co. 

Electrolytic  Zinc  Co. 

General  Chemical  Co. 
Avon 

Associated  Oil  Co. 
Bay  Point 

Pacific  Coast  Shipbuilding  Co. 

Coos  Bay  Lumber  Co. 
Mallard 

San  Francisco-Sacramento  Bailroad  ferry. 
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ChippB 

San  Francisco-Sacramento  Bailroad  terry, 
Dutton 

San  Francisco-Sacramento  Bailroad  trestle  and  drawbridge. 
Pittsburg 

Small  docks. 
Antioch 

Municipal  dock. 

A.  T.  &  S.  F.  R.B.  dock. 

Damage 

The  damage  done  by  the  marine  borers  in  this  northern  area,  and 
which  has  become  evident  only  within  the  last  two  years,  has  been 
estimated  by  the  Committee,  in  terms  of  replacement  and  repair,  and 
on  a  basis  of  considerable  detail,  to  be  in  excess  of  $15,000,000. 


HYDROGRAPHIC    PHASB 

BEPOBT  OF  THE  SXTB-COMMmEE  ON  THE  HTDBOGBAPHY 
OF  SAN  FBANOISOO  BAT 

The  waters  of  the  San  Francisco  Bay  system  are  made  up  of  three 
more  or  less  distinct  areas,  as  shown  by  the  accompanying  map, 
known  as  San  Francisco  Bay,  San  Pablo  Bay,  and  Suisun  Bay.  The 
water  surface  of  these  bays  is  not  delimitable  with  perfect  accuracy, 
but  it  will  suffice  to  say  that,  at  ordinary  high  tide  (not  including 
tide  marsh  lands),  it  has  an  area  of  about  460  square  miles.  This 
area  is  made  up  of  the  main  San  Francisco  Bay,  288  square  miles; 
San  Pablo  Bay,  112  square  miles  (see  University  of  California  Pub- 
lications, Vol.  14,  No.  1,  p.  20,  Albatross  Surveys);  and  Suisun  Bay, 
about  60  square  miles. 

The  Golden  Gate,  through  which  the  San  Francisco  Bay  is  con- 
nected with  the  ocean,  is  the  narrows  between  Fort  Point  on  the 
south  and  Lime  Point  on  the  north.  Oceanward  from  the  Golden  Gate 
is  the  outer  bay.  This  is  hemmed  in  on  the  north  by  the  cliffs  of  the 
Marin  shore  which  end  their  concave  sweep  at  Point  Bonita  and  on 
the  south  by  the  bluffs  of  the  San  Francisco  shore  which  have  their 
westerly  termination  at  Point  Lobos. 

Through  this  outer  bay  and  through  the  Golden  Gate,  which  is 
less  than  a  mile  in  width,  there  is  a  tremendous  tidal  flow  which  has 
cut  and  holds  the  gorge  near  its  narrowest  point  to  depths  of  more 
than  300  feet. 

'     Some  five  miles  beyond  the   Heads,  as  Point  Lobos  and  Point 
Bonita  are  commonly  called,  lies  the  bar.    Here  is  the  crescent  shaped 
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crest  of  a  great  sand-bar,  subject  to  change  under  the  ever  varying 
forces  of  nature  and  yet  so  little  altered  in  the  half  century  during 
which  it  has  been  repeatedly  surveyed  that  no  characteristic  or  pre- 
dominating tendency  to  change  has  yet  been  discovered. 

The  watershed  area  tributary  to  Golden  Gate  is  about  62,000  square 
miles.  Of  this  area  2014  square  miles  are  tributary  to  the  main  or 
south  arm  of  the  bay;  964  square  miles  are  directly  tributary  to  San 
Pablo  Bay;  557  square  miles  are  in  the  watersheds  of  small  streams 
discharging  into  Suisun  Bay;  58,000  square  miles  are  embraced  within 
the  drainage  basins  of  the  Sacramento  and  San  Joaquin  Bivers,  which 
discharge  into  the  upper  end  of  Suisun  Bay;  and  460  square  miles, 
as  above  noted,  are  bay  water  surface. 

The  Sacramento  and  San  Joaquin  Bivers,  the  drainways  of  the 
Great  Central  Valley  of  California,  meet  at  Collinsville  at  the  head 
of  Suisun  Bay.  This  bay  is  of  particular  interest  at  this  time  because 
it  is,  at  low  stages  of  the  rivers,  the  principal  mixing  pool  of  river 
and  ocean  waters.  Its  tidal  area  under  natural  conditions  was 
increased  by  about  100  square  miles  of  marsh  lands  (then  submerged 
at  high  tide  but  now  to  a  large  extent  reclaimed)  lying  principally 
along  its  northern  shore.  From  Suisun  Bay  the  waters  of  the  rivers 
reach  San  Pablo  Bay  through  the  Carquinez  Strait. 

In  seasons  of  substantially  normal  weather  conditions  the  water 
of  Suisun  Bay,  which  is  brackish  in  the  fall,  is  gradually  freshened 
by  the  increased  stream  flow  which  begins  in  September  or  October. 
The  discharge  of  the  rivers  into  the  bay  increases  at  this  time  from 
various  causes.  There  is  a  decrease  in  the  evaporation  from  the  water 
surface  of  the  rivers  and  delta  channels  and  a  decrease  in  the  irri- 
gation draft,  and  the  winter  rains  begin  about  this  time  of  year. 
This  year  (1920)  the  waters  of  Suisun  Bay  had  reached  their  maxi- 
mum salinity  about  the  middle  of  September  and,  a  few  weeks  later, 
particularly  after  the  winter  rains  commenced,  the  increasing  flow  of 
the  rivers  accelerated  the  freshening  of  the  water  in  the  upper  end 
of  Suisun  Bay  so  that  by  the  middle  of  November  the  brackish  water 
had  there  been  displaced.  The  seasonal  rainfall  at  the  end  of  Decem- 
ber (July  1st  to  December  31st,  1920),  has  been  about  40  per  cent  in 
excess  of  the  normal.  At  the  time  of  greatest  salinity  during  1920 
the  bay  water  at  Collinsville  just  below  the  mouths  of  the  two  rivers, 
at  high  tide,  slack  water  was  about  one  half  ocean  water;  and  at  low 
tide  slack  water  somewhat  less  than  one  third  ocean  water. 

Some  evidence  was  presented  within  the  last  few  months  in  the 
pending  Antioch  case,  to  the  effect  that  about  1869  or  1870  under  then 
prevailing  conditions,  before  extensive  reclamation  works  had  been 
carried  out,  the  presence  of  bay  water  was  noticeable  by  brackish 
taste  as  far  up  stream  as  Three  Mile  Slough  in  the  San  Joaquin  Biver. 
The  presence  of  brackish  water  at  Antioch,  brought  up  from  the  bay 


Digitized  by  LjOOQ IC 


200  Seventeenth  Annual  Meeting 

hj  the  flood  tides,  in  the  fall  months,  seems  to  have  been  frequently 
noted,  and  its  presence  in  sufficient  quantity  at  certain  times,  in  past 
years  before  the  question  of  the  effect  of  the  reduction  of  river  flow 
by  the  irrigation  draft  was  raised,  is  evidenced  by  the  very  general 
use  of  cisterns  by  the  residents  of  Antioch.  In  these  cisterns,  some 
of  which  have  been  in  use  30  years  or  more,  water  obtained  from  the 
river  in  -the  spring  of  the  year,  when  the  river  at  Antioch  is  fresh  at 
all  tides,  is  held  for  domestic  use  later  in  the  season. 

No  discussion  of  salinity  conditions  in  San  Francisco  Bay  for  any 
year  or  sequence  of  years  would  be  complete  without  some  reference 
to  the  amount  of  fresh  water  which  is.  brought  into  the  bay  by  tribu- 
tary streams.  Some  idea  of  the  relative  amount  of  fresh  water 
reaching  the  bay  region  can  be  obtained  from  the  rainfall  records  if 
the  fact  is  borne  in  mind  that  run-off  is  not  proportional  to  rain  but 
that  in  wet  years,  that  is  in  years  of  much  rain,  the  portion  thereof 
which  reaches  the  streams  is  larger  than  in  dry  years  or  years  of  light 
rainfall.  (The  climatic  years  and  not  the  calendar  years  are  here 
referred  to.)  A  diagram  is  herewith  submitted  (Fig.  1)  showing  the 
rainfall  in  central  California  since  1849.  The  rainfall  is  noted  in 
per  cent  of  the  normal  annual  rain.  The  beginning  of  the  climatic  or 
seasonal  year  was  taken  at  July  1st. 

The  normal  annual  delivery  of  fresh  water  into  San  Francisco  Bay 
by  the  two  principal  rivers  which  discharge  into  the  bay  is  approxi- 
mately 35,000,000  acre  feet.  About  85  per  cent  of  this  water  reaches 
the  bay  in  the  first  six  months  of  the  year,  and  rather  less  than  15 
per  cent  thereof  in  the  last  six  months.  A  second  diagram  (Fig.  1) 
shows  the  seasonal  water  output  of  Sacramento  Biver  based  on  a  sum- 
mation of  the  discharges  of  the  Sacramento  Biver  at  Bed  Bluff  and  its 
principal  tributaries  at  foothill  points,  not  including  Stony,  Cache 
and  Putah  creeks,  or  other  lesser  tributaries.  For  the  years  preced- 
ing the  period  covered  by  records  of  the  U.  S.  Geological  Survey,  the 
discharge  for  the  climatic  year  has  been  approximated  from  rainfall 
and  it  has  thus  been  possible  to  give  the  eye  a  picture  of  the  relative 
amount  of  water  annually  discharged  into  Sacramento  Valley  by  these 
streams  for  the  full  period  of  70  years  covered  by  rainfall  records. 

What  is  presented  in  the  diagram,  although  applying  to  only  a 
part  of  the  area  tributary  to  the  upper  end  of  the  bay,  being  expressed 
in  per  cent  of  normal  flow,  may,  nevertheless,  be  accepted  for  the 
present  as  fairly  well  representing  the  relative  annual  fresh  water 
accession  of  the  bay  from  both  the  Sacramento  and  the  San  Joaquin 
Bivers,  subject,  however,  to  some  correction  for  greater  diversion  for 
irrigation  in  recent  years  than  formerly. 

The  normal  low  water  output  of  the  Sacramento  and  San  Joaquin 
Bivers  at  the  point  where  they  discharge  into  Suisun  Bay,  as  it  was 
before  disturbance  by  human  activities,  is  not  ascertainable  with  any 
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great  degree  of  precision.  There  are  no  records  of  direct  measure- 
ment. In  the  early  history  of  the  State,  measurements  of  the  stream 
flow  were  not  made,  and  now  the  effect  of  human  activities  upon  this 
flow  is  material. 

To  give  some  idea  of  the  amount  and  range  of  the  annual  water 
delivery  into  Suisun  Bay  by  the  Sacramento  Eiver,  which  delivers 
about  four  times  as  much  water  as  the  San  Joaquin,  Table  I  has  been 
prepared  showing  the  flow  of  the  river  in  selected  recent  years. 

The  figures  presented  in  the  table,  being  a  summation  of  the 
discharges  of  Sacramento  Biver  at  Bed  Bluff,  of  Feather  Biver  at 
Oroville,  of  Yuba  Biver  at  Smartsville,  of  Bear  Biver  at  Van  Trent, 
and  of  American  Biver  at  Fair  Oaks,  will  give  some  idea  of  the  normal 
discharge  of  Sacramento  Biver  and  the  range  of  its  mean  monthly 
discharge,  all  amounts  noted  being  based  on  the  estimates  of  the 
CJ.  S.  Geological  Survey. 


TABLE  I 

Sacrambnto  Biver 

Summation  Discharge  of  Sacramento  Biver  at  Bed  Bluff  and  of  the 

Biver 's  Principal  Tributaries. 

Seasons  of  light  rainfall 


Normal 
discharge 

1911-12 

1912-13 

1918-19 

N   A 

1919-20 

flood  year 
1906-07 

sec. -ft. 

sec.-ft. 

sec. -ft. 

sec.-ft. 

sec.-ft. 

sec.-ft. 

Month 

Rain  03% 

Rain  59% 

Rain  56% 

Rain  101%  Rain  45%  Rain  116% 

October 

7,850 

7,616 

6,631 

9,528 

6,934 

8,188 

November 

10,600 

8,195 

15,937 

9,910 

6,515 

9,751 

December 

17,300 

7,914 

11,585 

10,006 

10,024 

31,480 

January 

45,744 

17,870 

24,990 

18,009 

7,930 

39,070 

February 

51,751 

14,721 

16,368 

53,560 

8,138 

98,610 

March 

53,794 

23,026 

18,853 

38,650 

19,270 

139,050 

April 

51,975 

21,102 

39,126 

47,940 

29,820 

91,700 

May 

43,908 

37,027 

36,319 

36,186 

24,218 

60,254 

June 

26,800 

21,261 

15,742 

10,850 

10,984 

45,532 

July 

11,679 

8,188 

8,339 

6,908 

6,371 

22,205 

August 

7,605 

6,319 

6,642 

6,201 

5,365 

11,186 

September 

7,194 

7,530 

5,872 

6,182 

5,035 

9,086 

Yearly  mean  28,000        15,070        17,190        20,960        11,720        47,260 

Note. — The  normal  discharge  of  Sacramento  Biver  noted  in  Table  I 
is  the  average  of  the  monthly  estimates  by  the  U.  S.  Geological 
Survey  for  the  period  1905  to  September  30,  1920.  It  is  probably 
somewhat  below  the  actual  normal  because  there  has  been  a  pre- 
ponderance in  recent  years  of  seasons  with  less  than  normal  rain. 
The  rain  noted  in  the  table  is  expressed  in  per  cent  of  normal  and 
is  based  on  the  records  of  rainfall  at  San  Francisco,  Sacramento 
and  Bed  Bluff.  The  figures  are  used  only  to  give  an  approximate 
indication  of  the  amount  of  rain  in  the  watershed  of  Sacramento 
Biver  which  produced  the  runoff. 
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Not  only  should  the  facts  relating  to  the  variation  in  the  seasonal 
delivery  of  water  by  the  rivers  into  the  bay  be  given  consideration 
when  the  degree  of  salinity  in  different  years  is  compared,  but  it  is 
likewise  important  to  bear  in  mind  that  the  mean  monthly  discharge 
of  the  rivers  from  the  mountains  into  the  valley  varies  within  wide 
limits.  The  natural  normal  combined  flow  of  the  two  rivers  for  the 
several  months  shows  a  range  from  a|  minimum  monthly  mean  of 
about  7000  second-feet  to  a  maximum  of  about  70,000  second  feet^ 
while  in  certain  individual  years  the  range  has  been  much  greater^ 
as  for  example  in  the  season  1906-7  (see  Table  I).  The  curves  shown 
in  Fig.  2  will  give  a  fair  idea  of  the  river  stages  throughout  the  year 
in  per  cent  of  the  ncyrmal  mean  annual  discharge.  The  information 
is  given  in  this  diagram  for  Sacramento  Biver  and  for  both  rivera 
combined. 
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Fig.  2 

Under  natural  conditions  at  flood  stages  the  greatest  momentary 
discharge  of  both  rivers  combined  probably  quite  frequently  reached 
200,000  to  300,000  second  feet.  The  Government  project  for  flood 
control  will  withdraw  from  inundation  the  natural  flood  basins  which 
flanked  the  rivers,  or  will  materially  reduce  their  areas.  The  retard- 
ing effect  of  these  basins  upon  the  flood  volume  will  be  eliminated  or 
greatly  reduced  and  the  peak  of  the  flood  discharge  will  be  raised. 
Sacramento  Biver  alone  may,  after  fills  project  is  carried  out,  be 
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expected  to  then  deliver  under  conditions  such  as  prevailed  at  the 
flood  of  March,  1907,  some  500,000  to  600,000  second  feet  at  its 
extreme  stages. 

It  is  interesting  to  note  in  this  connection  that  the  volumetric  con- 
tents of  Suisun  Bay  are  about  480,000  acre  feet  at  low  tide  and  about 
700,000  acre  feet  at  high  tide,  and  that  the  volumetric  contents  of 
San  Pablo  Bay  are  about  1,000,000  acre  feet  at  low  tide  and  nearly 
1,500,000  acre  feet  at  high  tide.  These  volumes  of  water  are  pushed 
back  and  forth  by  the  tides,  becoming  more  salty  during  the  pro- 
tracted annual  low  water  stage  of  the  rivers  and  freshening  again  to 
a  greater  or  less  degree  as  the  rivers  rise  to  their  winter  and  spring 
high  stages.  ^ 

It  is  of  considerable  importance  in  the  study  of  the  habits  of  the 
Sacramento  and  San  Joaquin  Bivers,  that  the  characteristics  which  are 
most  marked  today  were  faithfully  described  more  than  a  century  ago. 
From  the  Publications  of  the  Academy  of  Pacific  Coast  History  the 
following  is  quoted.    Fray  Narcissus  Duran  in  his  diary  writes: 

''May  16,  1817.  All  along  the  Sacramento  Biver  it  is  like 
a  park,  because  of  the  verdure  and  luxuriance  of  its  groves 
of  trees.  Still,  it  is  difficult  to  land,  because  everything  is 
inundated,  due  to  the  rise  of  the  river  from  the  melting  of 
snow. ' ' 

"May  19,  1817.  (Continuing  up  the  river  near  the  site  of 
Sacramento.)  The  river  is  much  swollen  and  is  flooded  on  both 
sides,  so  that  one  can  scarcely  alight  upon  land.'' 

* '  May  24,  1817.  At  midday  we  set  out  to  join  the  comman- 
dant at  the  strait  of  Chupcanes  (Carquinez),  which  we  reached 
at  six  o'clock  in  the  afternoon,  finding  the  said  gentleman  there; 
he  had  arrived  in  the  nH>rning.  We  traveled  this  afternoon 
as  far  as  the  mouth  of  the  San  Joaquin.  It  is  necessary  to  pass 
this  at  high  tide,  because  there  is  a  sand  bar,  and  the  launches 
are  blocked  by  it.  There  is  this  difference  between  the  Sacra- 
mento and  the  San  Joaquin;  the  latter  carries  less  volume  of 
water,  although  in  some  places  it  is  wider;  and  in  all  that  part 
which  we  have  traveled  there  is  nothing  but  tule,  without  a  tree 
under  which  the  navigator  may  find  shade,  nor  a  stick  of  fire- 
wood with  which  to  warm  himself;  whereas  the  Sacramento, 
when  it  is  not  flooded,  has  dry  land  on  both  banks  covered  with 
poplar  groves,  as  has  been  said,  and  it  seems  to  carry  a  greater 
abundance  of  water. ' ' 

Commander  Cadwalader  Binggold,  U.  S.  Navy,  reported  his  obser- 
vations and  surveys  of  1849  and  1850.  On  page  39  of  his  report,  the 
following  important  fact  is  announced: 

'*At  the  lowest  stages  of  the  water  the  maximum  depth 
available  for  vessels  proceeding  up  the  Sacramento  Biver,  owing 
to  the  obstructions  existing  in  portions  of  the  channels,  does 
not  exceed  ten  feet;  from  six  to  eight  in  the  San  Joaquin 
Biver." 

The  regimen  of  the  two  large  rivers  which  discharge  into  the 
upper  bays  has  been  materially  modified  by  human  activities.    Hydraulic 
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mining  contributed  enormous  amounts  of  sand  and  sediment  to  the 
natural  sediment  load  of  the  two  rivers — ^more  particularly  to  that 
of  the  Sacramento  Biver.  It  is  not  proposed  to  discuss  this  problem 
fully.  It  will  sufSce  to  call  attention  to  the  fact  that  under  original 
conditions,  tidal  influence  extended  up  Sacramento  Biver  as  far  as 
Sacramento.  The  tidal  range  was  there  in  excess  of  2  feet  and 
extreme  low  water  fell  at  times  below  the  zero  of  the  Sacramento 
gage.  (The  zero  of  the  Sacramento  gage  is  .48  of  a  foot  below  mean 
sea-level.)  Under  the  effect  of  hydraulic  mining  the  bottom  of  the 
river  was  raised  by  sand  deposits  and  the  rising  bottom  forced  up 
the  water  surface  of  the  river  so  that  the  lowest  low  waters  of  the 
years  1895-99  averaged  about  8  feet  higher  than  those  which  pre- 
vailed originally. 

In  recent  years  the  bed  of  the  Sacramento  Biver  has  again  been 
lowered  to  near  its  original  position.  The  principal'  causes  which  have 
contributed  to  this  depression  of  the  river  bed  are  the  cessation  of 
hydraulic  mining  on  a  large  scale;  the  restraining  of  mining  debris 
under  Qovemment  direction  at  or  near  the  mines;  the  extensive  dredg- 
ing operations  carried  on  in  the  rivers  to  secure  material  for  river 
levees,  and  to  enlarge  the  lower  reaches  of  the  river,  and  the  scouring 
action  of  the  river,  which  is  better  confined  between  the  river  levees 
in  recent  years  than  theretofore. 

The  changes  which  have  occurred  in  the  low  water  elevation  at 
Sacramento  are  well  illustrated  by  the  following  figures  from  gage 
readings  at  Sacramento: 


TABLE  II 

Low  Water 

AT  Sacramento 

Gage  Beadings  at 

Lowest 

Stage  of  Tide 

Average  of 

Average  of 

annual  lowest 

annual  lowest 

Period 

gage  readings 

Period 

gage  readings 

1849-63 

0.3 

1889-93 

7,7 

1854-58 

1.0 

1894-98 

7.9 

1859-61 

1.6 

1899-03 

7.2 

1862-73 

no  record 

1904-08 

6.8 

1874-78 

5.3 

1909-13 

4.4 

1879-83 

6.7 

1914-18 

3.2 

1884-88 

7.3    ■ 

1919-20 

0.4 

As  the  destructive  work  of  the  teredo  in  the  upper  bay  region 
apparently  did  not  become  serious  until  within  the  last  two  or  three 
years,  it  is  of  particular  interest  to  note  the  fact  that  the  climatic 
year  1917-18  was  a  year  of  very  light  rainfall  and  small  run -off  (see 
Fig.  1);  that  the  rainfall  of  1918-19  in  aggregate  amount  was  about 
normal  at  San  Francisco  and  Sacramento  but  that  it  was  so   dis- 
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tributed  in  time  that  it  produced  materially  less  than  normal  runoff 
from  the  watersheds  of  the  Sacramento  and  San  Joaquin  Bivers,  and 
that  both  rainfall  and  runoff  for  1919>20  were  less  than  50  per  cent 
of  normal. 

During  the  low  water  period  of  these  recent  years  the  irrigation 
draft  upon  the  Sacram'ento  and  San  Joaquin  Bivers  was  increasingly 
heavy,  largely  due  to  rice  growing  in  the  Sacramento  Valley,  and 
there  was  a  period  of  several  months  of  the  year  1920  during  which 
it  seems  to  have  been  a  fact  that  more  water  was  used  for  irrigation 
on  the  delta  lands  of  these  rivers  than  was  supplied  to  the  delta 
channels  by  the  two  rivers.  In  such  circumstances  some  of  the  bay 
water  which  entered  the  mouths  of  the  rivers  on  each  flood  tide  was 
retained  in  the  river  channels  and  caused  bay  water,  under  the  influence 
of  tidal  action,  to  get  up  stream  at  high  tide  to  points  in  the  Sacra- 
mento Biver  somewhat  above  Isleton  and  in  the  San  Joaquin  Biver 
to  points  probably  above  the  mouth  of  Middle  Biver.  The  salinity 
records  of  the  State  Water  Commission  show  a  chlorine  content  on 
the  San  Joaquin  Biver  at  Blake's  Landing  (Venice  Island)  in  Sep- 
tember, 1920,  of  56  parts  in  100,000  at  high  tide  and  40  parts  at  low 
tide,  representing  about  92  parts  and  66  parts  of  common  salt  respec- 
tively. While  a  portion  of  this  salt  is  probably  attributable  to  the 
presence  of  some  bay  water,  care  is  necessary  in  interpreting  this 
information  in  view  of  the  following  from  the  report  of  W.  E.  Allen 
on  "A  quantitative  and  statistical  study  of  the  plankton  of  the 
San  Joaquin  Biver  and  its  tributaries  in  and  near  Stockton,  California, 
in  1913,*'  in  which  he  says  on  page  21:  *'In  spite  of  the  low  water 
it  is  not  at  all  probable  that  sea  water  ever  had  any  influence  here 
except  in  causing  tides.*'  He  then  notes  the  salinity  of  the  river 
water  at  a  point  in  the  river  from  400  to  800  yards  up  stream  from 
the  mouth  of  Stockton  channel  at  about  30  day  intervals  throughout 
the  year.  The  highest  salinity  was  shown  by  the  samples  taken  on 
November  22nd.  The  chlorine  content  of  the  water  was  then  66  parts 
in  100,000.  This  is  equivalent  to  about  99  parts  of  common  salt  in 
100,000  parts  of  water.  The  situation  relating  to  the  up-river  pene- 
tration of  bay  water  is  aggravated,  too,  by  the  fact  that  the  work 
of  channel  enlargement  in  progress  since  1913  and  being  done  by  the 
U.  S.  Government,  in  cooperation  with  the  State  of  California,  on  the 
Sacramento  Biver  below  Bio  Vista  has  been  a  material  factor  in  facili- 
tating tidal  flow  in  the  lower  reaches  of  that  river  and  in  augmenting 
the  circulation  of  water  around  Sherman  Island,  thereby  expediting 
the  up-river  advance  of  the  bay  water. 

The  following  data  relating  to  the  salinity  of  the  upper  bay  and 
river  waters  are  derived  from  public  records  being  collected  and 
compiled  by  the  State  Water  Commission. 
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TABLE  in 

Bangs  or  Salinity  in  the  Lowbk  Beaches  or  Saorambnto  and  San 

Joaquin  Bivebs  and  in  the  E[kad  or  Suisun  Bay  in  1920 

Based  on  samples  taken  for  the  California  State  Water  Commission 
at  high  and  low  tides.  Salinity  is  given  in  parts  of  salt  per  100,000 
parts  of  water.  (Beduced  from  chlorine  contents  by  Knudsen's 
formula.) 


Station 


Rio  Vista.. 


CoUinsville 

O.  A.  &  E. 

R.  R.  jy. 

Suisun  Bay 

Antioch 


Tide       June* 


Low  1 
High/ 

Low  \ 
High  / 

Low  1 
High/ 

Low  \ 
High/ 


5  to   20 
10  to  130 


July* 


22  to  35 
18  to  525 
55  to  930 
17  to  640 


August         September       October 


49  to  240 
49  to  380 


650  to  1220 
825  to  1445 


r  1045  to  1285 
1 1060  to  1590 


275  to  865 
665  to  1350 


50  to  160 
105  to  430 


875  to  1345 
1210  to  1560 


1310  to  1700 
1670  to  1800 


780  to  975 
1040  to  1390 


18  to      26 
29  to    137 


35  to    560 
208  to  1058 


335  to  1300 
613  to  1470 


70  to    589 
123  to  1058 


Nov. 


9  to    85 
9  to  260 


9  to  312 
9  to  619 


29  to  109 
29  to  114 


*Notb:  No  information  is  available  as  to  the  stage  of  the  tide  at  which  the  samples  of 
water  for  salinity  tests  were  taken  preceding  July  20th. 

Concerning  the  tides  in  San  Francisco  Bay  the  late  Prof.  Geo. 
Davidson^  in  the  "Pacific  Coast  Pilot,"  says: 

''From  the  lower  low  water  (low  water  large)  the  tide  rises 
for  about  7%  hours,  say  4.4  feet,  to  the  smaller  of  the  two  high 
tides  (high  water  small);  then  falls  1.4  feet  in  less  than  4% 
hours  to  the  '  low  water  small '  which  is  higher  than  the  preced- 
ing low  water;  then  rises,  say  2.9  feet  in  6%  hours  to  the  higher 
high  water  or  'high  water  large';  it  then  falls  again  5.8  feet 
in  over  7  hours  to  the  lower  low  water,  or  Mow  water  large.'  " 

"Instead  of  the  above  figures,  the  fall  from  high  water 
small  or  'half  tide,'  to  the  'low  water  small,'  may  range  from 
3^  feet  at  one  position  of  the  moon  to  0.3  feet  at  another; 
in  the  latter  case  there  will  be  apparently  a  long  stand  of  about 
5  hours.  .... 

"The  average  difference  of  the  higher  high  and  lower  low 
waters  of  the  same  day  is  5.2  feet,  with  a  greatest  observed 
range  noted  for  February  8,  1876,  of  9.93  feet." 

It  may  be  noted  in  this  connection  that  the  predictions  as  published 
by  the  U.  S.  Coast  and  Geodetic  Survey  in  the  Tide  Tables  for  1920 
at  Yerba  Buena  Light  show: 

Expected  mean  range  of  tides,  4.2  feet. 
Expected  mean  range  of  spring  tides,  6.0  feet. 
Expected  maximum  range  in  24  hours,  8.7  feet. 
Careful  studies  were  made  by  the  late  Dr.  G.  K.  Gilbert  of  the 
tidal  movements  in  San  Francisco,  San  Pablo  and  Suisun  Bays,*  as 
the  result  of  which  the  following  may  be  noted: 


*  See  Professional  Paper  No.  105,  U.  S.  G^logical  Survey,  "Hydraulic 
Mining  Debris  in  the  Sierra  Nevada, ' '  by  Grove  Karl  Gilbert. 
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The  average  volumes  of  great  tropic  ebb  currents,  as  dependent 
on  the  effective  tidal  prisms  of  bays,  other  bodies  of  open  water  and 
marsh  tracts  are  estimated  by  Dr.  Gilbert  as  follows: 

At  Golden  Gate,  91,948,000,000  cubic  feet  or  2,110,000  acre  feet. 
At  San  Pablo  Narrows,  39,800,000,000   cubic  feet  or  910,000 

acre  feet. 
At  x:;arquinez  Strait,  20,580,000,000  cubic  feet  or  470,000  acre 
feet. 
He   gives  the   following  as  the   effective   ranges   of   tide    (great 
tropics) : 

In  Golden  Gate,  6.2  feet. 
In  San  Pablo  Bay,  6.2  feet. 
In  Carquinez  Strait,  7.2  feet. 
In  Suisun  Bay,  7.3  feet. 
For  a  tidal  range  of  6  feet  at  the  upper  end  of  Suisun  Bay  when 
the  rivers  are  at  their  low  stages,  that  is  generally  from  some  time 
in  July  to  November,  the  volume  of  water  which  is  required  to  fill 
the  tidal  prism  in  the  lower  reaches  of  the  Sacramento  and  San  Joaquin 
Rivers  may  be  noted  approximately  at  57,000  acre  feet  for  the  San 
Joaquin  River  and  25,000  acre  feet  for  the  Sacramento  River. 

The  discharge  of  the  rivers,  when  material,  during  the  time  interval 
between  the  extremes  of  tide  must,  however,  be  given  coxsideration 
if  a  comparison  is  to  be  made  between  the  volume  of  flood  flow  from 
the  bay  which  is  required  to  fill  this  tidal  prism  and  the  volume  of 
water  delivered  into  the  bay  from  the  rivers  on  the  ebb  flow.  The 
river  discharge  decreases  the  volume  of  water  moving  up  stream  on  the 
flood  tide  and  increases  the  volume  of  water  moving  down  stream  on  the 
ebb  tide. 

It  appears  from  the  foregoing  that  there  are  a  number  of  factors 
to  be  considered  in  any  discussion  of  the  salinity  of  the  upper  bay 
and  lower  river  waters,  particularly  when  conditions  in  any  year  are 
to  be  compared  with  those  in  another,  and,  too,  when  any  forecast 
is  attempted  as  to  future  conditions. 

Principal  among  these  factors  are  the  following: 

1.  The  seasonal  water  output  of  the  Sacramento  and  San  Joaquin 
Rivers,  and  the  occurrence  in  sequence  of  years  with  normal  runoff 
conditions., 

2.  The  distribution  of  the  seasonal  water  output  to  the  several 
months  of  the  year. 

3.  The  effect  of  human  activities  upon  the  river  discharge,  refer- 
ring particularly  to: 

a.  The  acceleration  of  the  flood  discharge  resulting  from  the 
reclamation  of  large  areas  which,  under  natural  conditions,  were 
subject  to  inundation.  The  natural  flood  basins  acted  as  retard- 
ing basins,  prolonging  the  river's  flood  stages,  thereby  impeding 
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and  delaying  the  arrival  of  ocean  water  in  the  upper  bays.    The 
flood  basin  has  already  been  materially  reduced. 

d.  The  reduction  of  the  discharge  of  the  rivers  into  Suisun 
Bay,  notably  at  their  low  water  stages,  by  the  withdrawal  of 
water  for  irrigation  in  the  deltas  of  the  rivers  and  at  up-river 
points. 

c.  The  regulating  effect  of  storage  reservoirs  tending  to 
augment  the  low  water  discharge  of  the  rivers. 

d.  The  accession  of  return  water  which,  though  relatively 
small  in  amount,  is,  nevertheless,  increasing  as  irrigated  areas 
are  being  extended.  This  not  only  affects  the  stream  flow  but 
also  the  quality  of  the  w&ter.  The  return  water  contains  more 
mineral  matter  in  solution  than  the  natural  river  water. 

e.  The  modification  of  channel  alignments  and  dimensions, 
resulting  from  work  done  in  building  levees  and  particularly 
from  the  work  being  done  by  the  United  States  under  cooper- 
ation with  the  State  in  the  lower  reaches  of  Sacramento  Biver, 
which  have  a  material  effect  upon  the  tidal  flow  in  the  lower 
reaches  of  the  rivers. 

C.  E.  Grunsky, 
Sub-Committee :  Chairman. 

C.  E.  Grunsky, 
C.  S.  Jarvis, 

Capt.,  4th  Engineers,  U.S. A. 


BIOLOGICAL   PHASE 

THE  MABINE  BOBEBS  OF  THE  SAN  FBANCISCO  BAY  BEGION 

By  Charles  A.  Kofoid 

The  cosmopolitan  character  of  the  distribution  of  the  marine  borers 
depends  upon  the  ease  with  which  their  larval  stages  may  be  carried 
by  currents  of  the  sea,  or  in  the  water  tanks  of  steamers,  and  upon 
the  facility  with  which  the  borers  themselves  may  travel  long  dis- 
tances in  driftwood,  in  exposed  wood  of  vessels  or  in  timber  rafted 
by  sea.  This  makes  it  a  biological  certainty  that  all  great  ports  are 
subject  to  repeated  invasions  by  borers  from  other  localities  and 
that  as  their  shipping  facUities  increase  and  the  movement  of  com- 
merce accelerates,  the  area  within  their  limits  available  for  occupa- 
tion by  borers  of  both  native  and  foreign  origin. will  increase,  and 
that  the  borers  will  invade  the  new  territory,  except  as  they  are 
restricted  by  preventive  measures. 

The  port  of  San  Francisco  has  been  no  exception  to  this  rule  of 
the  sea.    The  growth  of  its  lumber  trade,  its  increase  in  wharves  and 
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docks,  and  the  rapid  expansion  of  its  commerce  have  been  accom- 
panied by  the  constant  necessity  of  engineering  precautions  against 
the  certain  and  often  swift  destruction  of  submerged  unprotected 
marine  structures  of  wood  within  its  confines.  The  recent  period  of 
shortage  in  rainfall  has  greatly  extended  the  area  in  which  the 
borers  are  to  be  found. 

The  marine  borers  now  at  work  in  this  locality  comprise  the  most 
widely  known  and  most  destructive  representatives  of  the  groups  to 
which  they  belong,  with  the  addition  of  one  other  species  of  what 
seems  to  be  as  yet  a  purely  Oalifornian  pest. 

The  marine  borers  belong  to  two  groups  of  animals,  to  the  Mollusca 
and  to  the  Crustacea.  The  boring  mollusks  all  belong  to  one  famUy, 
the  Teredinidae,  a  family  of  the  Lamellibranchiata,  a  class  of  the 
Mollusca,  which  includes  the  oysters,  cockles,  razor  shells  and  clams, 
all  bivalves,  some  of  which,  as  the  clams  and  razor  shells,  find  shelter 
by  burrowing  in  the  sand  and  mud  and  pushing  up  their  siphons  to 
the  surface  of  the  mud  and  circulating  the  water  through  their  mantle 
cavities,  thus  obtaining  their  oxygen  and  food  supply. 

This  burrowing  habit  and  the  mechanism  for  accomplishing  it 
reaches  a  high  degree  of  specialization  in  two  famUies  of  Lamelli- 
branchs,  the  Pholadidae,  which  burrow  while  small  into  the  mud, 
shale,  or  harder  rock,  and  as  they  increase  in  size,  excavate  a  larger 
and  larger  cavity  (pi.  11,  fig.  1).  These  borers  remain  clam-like  in 
form  and  appearance  with  short  bodies,  stout  large  shells,  roughened 
on  the  outer  surfaces  for  drilling  purposes.  Only  one  species  of  this 
family  is  found  sparingly  in  wooden  structures  in'  San  Francisco 
Bay,  where  it  often  occupies  the  abandoned  burrows  of  other  borers. 
Bock  boring  species  of  Tholas  are  sometimes  found  in  timbers  and 
a  tropical  West  Indian  species,  Marteaia  striata,  is  found  elsewhere 
in  timbers  of  wooden  ships  coming  from  that  region.  Another  genus 
and  species  of  pholad  mollusks,  Xylophaga  doracUis,  lives  in  fixed  and 
floating  timbers  on  European  coasts  in  which  it  makes  shallow  bur- 
rows one  and  a  half  inches  in  depth.  It  resembles  Teredo  in  the 
shape  of  its  shells  but  has  no  pallets,  and  does  not  line  its  tube  with 
shell.  It  does  serious  damage  to  marine  structures  and  to  submarine 
cables  by  boring  into  the  insulation. 

The  rock-boring  mollusk,  Pholadidea  gdbbi,  which  lives  in  the  rock 
bed  and  submerged  boulders  of  the  Golden  Gate  (pi.  11,  fig.  1)  is^ 
occasionally  found  in  wooden  piling  in  San  Francisco  Bay.  One 
specimen  was  found  in  a  pile  from  Tiburon  and  the  University  has  a 
specimen  of  large  size  from  a  pile  at  Sausalito.  It  has  not,  as  yet, 
been  found  in  concrete  pUing  or  other  marine  concrete  structures. 

The  family  Teredinidae  on  the  other  hand,  is  composed  entirely 
of  burrowing  species  most  of  which  drill  slender  tubes  into  wood 
by  means  of  their  shells  and  have  a  pair  of  plumose  or  paddle-shaped 
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pallets  near  their  siphons  which  serve  as  plugs  to  close  the  outer 
end  of  the  burrows  against  intruders.  These  borers  line  their  bur- 
rows with  a  film  of  pearly  nacre  and  drill  tubes  of  different  lengths 
up  to  and  even  exceeding  four  feet  in  length,  into  submerged  or  float- 
ing wood.  They  seem  to  have  the  boring  instinct  well-developed  and 
continue  drilling  throughout  most  of  their  life.  Each  different  species 
has  a  characteristic  general  size  of  body  and  shell  and  character  of 
tube,  but  the  diagnostic  features  of  chief  utility  in  determining  the 
different  genera  and  species  are  the  pallets.  The  shells  change  con- 
stantly with  age  and  wear,  and  the  burrows  are  greatly  modified  by 
local  conditions.  The  pallets  also  are  subject  to  considerable  change 
with  age  and  locality  but  nevertheless  still  afford  the  most  easily 
examined  and  most  reliable  criterion  for  the  determination  of  the 
species. 

This  family  of  borers  is  represented  in  San  Francisco  Bay  by  at 
least  three  different  species  belonging  to  the  two  representative  genera 
of  the  family.  These  are  the  well-known  and  notorious  Teredo  navalis 
Linn.,  or  pileworm  of  cosmopolitan  distribution,  Teredo  diegensis 
Bartsch,  a  small  species  of  the  California  coast,  and  Xylotrya  setaoea 
Tryon,  the  large  borer  of  the  Pacific  Coast.  We  will  now  consider 
these  species  in  greater  detail. 


Xylotiya  setacea  Tryon 

The  Giant  or  Plumed  Pileworm 
Plates  12  to  18 

This  is  the  largest  of  the  three  borers  found  in  the  bay.  When  full 
grown  in  our  waters  it  measures  as  long  as  two  feet  in  length  and 
has  a  diameter  at  the  head  or  sluell-bearing  end  of  three-fourths  of  an 
inch.  Tubes  over  three  feet  in  length  and  seven-eighths  of  an  inch 
in  diameter  have  been  foimd  in  old  piling  on  the  San  Francisco  water- 
front. 

The  body  (pi.  16)  lies  in  the  burrow,  which  enters  the  pile  hori- 
zontally and  generally  turns  downward  at  once  and  expands  within 
one  or  two  inches  to  a  nearly  uniform  diameter  throughout  the  rest 
of  its  course.  The  head,  anterior,  or  shell-bearing  end  (pi.  18,  fig.  1) 
is  at  the  bottom  of  the  burrow  with  the  shell  resting  against  the 
end  or  withdrawn  or  even  partitioned  off  from  the  end  of  the  burrow 
by  a  shelly  membrane  in  old  specimens.  The  mouth  of  the  burrow 
is  a  minute  pore  from  which  the  moUusk  protrudes  its  two  siphons, 
and  which  it  closes  by  means  of  the  two  long  plumose  pallets  (pi.  17, 
fig,  1)  attached  behind  the  siphons.  This  is  the  posterior  end  of 
the  body  and  the  end  at  which  water  for  respiration  and  food  enter 
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and  from  which  the  chips  from  the  drilling  of  the  wood  and .  the 
excreta  are  removed.  The  body  is  opaque  whitish,  and  lees  translucent 
than  that  of  species  of  Teredo.  It  is  of  nearly  uniform  caliber 
throughout  and  the  shell  is  considerably  wider  than  the  adjacent 
neck  region.  The  posterior  or  siphon-bearing  end  of  the  body  bears 
three  structures  which  are  very  characteristically  developed  in  the 
genus  Xylotrya,    They  are  the  pallets,  the  siphons,  and  the  collar. 

The  pallets  (pi.  28,  fig.  1)  are  attached  on  the  right  and  left  sides 
of  the  body  and  their  stalks  extend  beneath  the  collar.  They  project 
posteriorly  as  two  curved,  stout,  feather-shaped  structures  one  to 
two  inches  in  length,  and  nearly  one  fourth  of  an  inch  in  width. 
The  stalk  enters  the  side  of  the  body  where  it  is  attached  to  the 
retractor  muscle.  The  body  of  the  pallet  is  composed  of  a  row  of 
repeated  parts  fifteen  to  thirty  in  number,  tapering  distally,  each 
representing  the  single  pallet  of  Teredo,  These  are  convex  outwardly, 
concave  on  their  inner  faces  and  enclose  within  the  cavity  thus  formed 
the  two  siphons.  Each  segment  is  recessed  posteriorly  and  its  sides 
are  prolonged  in  homy  filaments  while  the  calcareous  body  is  con- 
tinued anteriorly  as  a  shaft  which  fits  into  the  cup-shaped  cavity 
on  the  inner  face  of  the  next  anterior  segment.  The  segments  fit 
together  like  a  series  of  flattened  fimnels.  The  posterior  tips  of  the 
two  pallets  when  their  median  faces  are  apposed  form  a  slightly 
tapering  cone  which  fits  the  outer  end  of  the  burrow  and  encloses  in 
its  center  the  delicate  siphons.  It  thus  forms  a  hard  resistant  plug 
which  can  be  inserted  at  the  inlet  to  keep  out  intruders  and  yet  leave 
enough  room  for  the  water  to  percolate  in  around  the  segments  of 
the  pallets  for  purposes  of  respiration  and  feeding,  while  the  bristling 
points  of  the  segments  make  an  effective  barrier  against  any  small 
marauder  which  might  attempt  to  force  his  way  into  the  orifice  and 
burrow.  When  forced  into  the  outlet  they  effectively  close  it.  In 
old  specimens  it  appears  that  the  outermost  segments  may  be  dropped 
off  from  time  to  time. 

The  siphons  (pi.  17,  fig.  1)  form  the  bifurcated  posterior  end  of 
the  body  projecting  beyond  the  collar.  The  longer  siphon  is  the 
ventral  and  incurrent  one,  the  shorter  the  dorsal  or  excurrent  one. 
The  siphons  of  Xylotrya  setaoea  are  less  pigmented  than  those  of 
Teredo  navalis  and  are  relatively  stouter,  less  deeply  cleft  and  more 
nearly  equal.  The  pigment  forms  two  narrow  bands  of  small  bright 
reddish  granules  in  the  median  line  facing  each  other  on  the  walls  of 
the  siphons. 

The  collar  (pi.  17,  fig.  1)  is  a  muscular  fold  of  the  mantle  enclos- 
ing the  base  of  the  pallets.  This  serves  as  a  zone  of  adhesion  of  the 
outer  or  posterior  end  of  the  body  to  the  wall  of  the  burrow  and  thus 
facilitates  the  retraction  of  the  body,  its  movements  in  the  burrow 
and  the  retraction  and  protrusion  of  the  posterior  end  with  its  siphons 
and  pallets. 
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A  side  view  of  the  stnieture  of  the  body  will  show  the  arrange- 
ment of  the  viscera  and  will  illustrate  the  relation  of  the  parts  to  the 
activities  of  the  animal. 

The  body  of  Xylotrya  forms  a  cylindrical  sack  with  the  mouth  at 
the  inner,  shell-bearing,  or  anterior  end,  and  the  two  siphons  at  the 
tapering  posterior  end.  The  other  surface  is  formed  by  the  mantle, 
which  in  oysters  and  clams  is  not  closed  along  the  length  of  the 
ventral  side  of  the  body  as  in  the  borers.  This  makes  a  long  tube 
of  the  mantle  cavity  which  is  separated  into  a  dorsal  or  anal  excurrent 
canal  and  a  ventral  incurrent  one.    The  mantle  secretes  the  shell,  the 
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Fig.  A.  Diagrammatic  longitudinal  section  through  the  body  of 
Xylotrya  (after  Moll  [1914,  fig.  6]).  Enlarged  about  3  diameters. 
Abbreviations.  Atit,,  anterior  end;  Post,,  posterior  end;  D,,  dorsal  side; 
V,  ventral  side.  A  cross-section  of  the  right  half  of  the  body  is  shown 
at  the  right  of  the  upper  figure.  1,  Mantie;  2,  dorsal  cavity  leading  to 
anal  or  dorsal  discharging  siphon;  3,  anal  canal;  4,  ventral  or  mantle 
cavity  leading  from  ventral  or  intake  siphon;  5,  gills;  6,  mouth;  7, 
oesophagus;  8,  sheath  of  the  crystalline  style;  9,  caecum;  10,  beginniag 
of  the  intestine;  11,  intestine;  12,  rectum;  13,  foot;  14,  ligament  of  the 
shell;  15,  posterior  adductor  muscle;  16,  anterior  adductor  muscle;  17, 
kidney;  18,  ureter;  19,  auricle  of  the  heart;  20,  ventriel.e;  21,  posterior 
aorta;  22,  anal  or  dorsal  siphon;  23,  ventral  or  incurrent  siphon;  24, 
mantle  fold  or  collar;  25,  muscle  of  the  pallet;  26,  pallet. 

pallets,  and  the  pearly  lining  of  the  burrow.  Its  reflected  surface  on 
the  anterior  margins  of  the  shell  provides  for  the  continual  growth 
of  this  boring  organ  and  at  the  posterior  margin  of  the  shell  the 
mantle  is  greatly  thickened  in  a  ring  which  forms  a  sort  of  a  washer 
which  keeps  the  chips  of  wood  from  getting  between  the  mantle  and 
the  ♦all  of  the  burrow. 
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The  opening  at  the  anterior  end  of  the  body  is  surrounded  by  the 
two  shells  over  whose  margin  the  edge  of  the  mantle  may  be  reflected 
for  the  secretion  of  additions  to  the  shell.  In  the  center  ot  this 
opening  is  the  muscular  sucker-like  foot  which  serves  to  anchor  the 
head  end  to  the  end  of  the  burrow  and  at  the  same  time  to  allow  a 
considerable  freedom  of  the  opening  and  closing  movement  of  the 
valves  of  the  shell  about  the  foot  as  an  axis  for  boring.  The  foot 
can  be  moved  about  and  the  course  and  direction  of  the  burrow 
changed. 

Dorsal  to  the  foot  in  the  groove  about  it  is  the  mouth  with  two 
ciliated  flaps  whose  function  it  is  to  guide  the  food  particles  into  the 
mouth  (fig.  A,  6). 

From  the  mouth  the  food,  and,  during  the  periods  of  boring,  the 
chips  of  wood,  pass  into  the  oesophagus  (17)  opening  into  the  stomach 
(10),  thence  through  the  looped  intestine  (11)  to  the  dorsally  placed 
anal  opening  (12).  Attached  to  the  stomach  is  a  capacious  pouch 
which  serves  as  a  receptacle  for  the  wooden  particles  rasped  off  of 
the  wall  of  the  burrow  by  the  shell.  It  appears  from  an  examination 
of  the  intestinal  contents  that  a  considerable  part,  if  not  all,  of  the 
wood  rasped  off  by  the  shell  passes  through  the  digestive  tract.  The 
caecum  appears  to  serve  as  a  reservoir  for  the  temporary  storage  of 
the  particles  during  rapid  excavation.  The  functions  of  plankton 
feeding  and  of  wood  boring  may  be  intermittent,  the  caecum  serving 
for  storage  of  the  wood  while  feeding  and  digestion  is  in  progress. 
Wood  particles  exclusively  appear  to  be  found  in  the  caecum  while 
plankton  and  wood  fill  the  intestine.  The  wood  does  not  appear  to 
be  digested. 

Greatest  interest  attaches  to  the  shell  (pi.  18,  figs.  1,  2)  as  the 
tool  of  excavation  and  the  mechanism  of  its  operation  has  long 
puzzled  biologists.  The  shell  is  a  bivalve  one  but  the  two  valves  are 
not  attached  to  each  other  by  a  continuous  dorsal  hinge  as  in  the 
clam,  but  are  widely  separated  except  at  two  knob-like  projections 
meeting  in  the  middle  line  which  serve  as  fulcra  for  the  rocking 
movement  of  the  two  shells.  In  side  view  (pi.  18,  fig.  2)  the  shells 
are  seen  to  have  a  deep  right-angled  notch  on  the  anterior  or  growing 
border,  while  the  posterior  border  is  carried  out  in  a  long  lobe.  This 
posterior  lobe  is  a  long  lever  to  the  inner  face  of  which  the  large 
posterior  adductor  is  attached  while  the  anterior  adductor  is  attached 
in  the  projecting  anterior  lobe  above  the  anterior  notch.  The  rock- 
ing movement  used  in  boring  is  brought  about  by  these  two  muscles 
common  to  all  lamellibranch  mollusks,  the  anterior  and  posterior 
adductor  muscles.  These  muscles  in  Xylotrya  are  apposed  to  each 
other  in  such  a  way  that  the  contraction  of  the  small  anterior  adductor 
pulls  the  anterior  edges  of  the  shell  towards  each  other  around  the 
circular  foot,  while  the  contraction  of  the  posterior  one  spreads  4he8e 
edges  apart. 
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The  longer  lever  of  the  posterior  Iol)e,  and  the  stouter  reddish 
posterior  muscle  indicate  that  the  outward  thrust  of  the  spreading 
shells  is  the  one  that  does  the  rasping  away  of  the  wood,  while  the 
return  of  the  shells  to  initial  position  ready  for  the  next  thrust  is 
accomplished  by  the  small  weak  anterior  adductor  on  the  shorter  lever. 
The  two  shells  thus  rock  in  and  out  on  the  dorsal  and  ventral  knobs 
as  fulcra,  with  the  two  angles,  anterior  and  posterior,  as  the  ends 
of  the  levers  operated  respectively  by  the  anterior  and  posterior 
adductor  muscles.  Their  alternating  contractions  produce  the  rocking, 
but  the  cutting  action  is  due  to  contact  of  the  anterior  face  of  the 
shell  with  the  surface  of  the  wood  and  the  scraping  of  this  edge 
over  the  wood  by  the  outward  thrust  of  the  shell  as  the  powerful 
posterior  adductor  muscle  contracts.  The  shell  is  held  in  contact  with 
the  bottom  of  the  burrow  by  the  sucker  action  of  the  foot. 

The  cutting  edge  and  surface  is  formed  by  a  series  of  fine  parallel 
ridges  which  extends  posteriorly  from  the  anterior  margin  parallel  to 
the  angled  margin.  These  ridges  are  about  0.04  mm.  apart  and  each 
consists  of  an  abrupt  elevation,  chisel-shaped  in  section  with  a  sharp 
toothed  margin.  The  heaviest  service  comes  upon  those  ridges  nearest 
the  margin.  As  they  are  worn  down  by  action,  a  new  ridge  is  formed 
by  the  mantle  in  front  of  the  youngest  ridge.  A  new  edge  to  the  bit 
is  thus  constantly  added  as  the  old  is  worn  down  and  the  shell  thus 
increases  in  size  by  constant  addition  on  its  margins.  It  is  also 
strengthened  by  the  addition  of  new  layers  of  nacre  on  its  inner  face 
by  the  secretions  of  the  mantle  whose  margin  also  secretes  the  cutting 
ridges.  It  is  evident  that  during  the  secretion  of  a  new  cutting  ridge 
the  boring  action  must  be  temporarily  suspended. 

We  have  in  the  shell  of  Xylotrya  and  Teredo  a  cutting  mechanism 
of  exquisite  delicacy  of  structure  and  operation,  kept  in  repair  for 
effective  action  during  the  active  period  of  the  borer's  life.  In 
heavily  perforated  wood  and  at  the  close  of  the  season  the  moUusks 
often  withdraw  the  shell  from  the  end  of  the  burrow  and  close  off  the 
end  of  the  burrow  by  a  partition  of  nacre.  The  chips  cut  away  by 
this  tool  are  minute  strips  of  wood  not  over  0.01  of  a  millimeter  in 
width  and  several  times  as  long  as  wide.  Their  length  may  represent 
the  interval  between  successive  ridges  of  the  shell. 

The  disposal  of  the  sawdust  thus  created  seems  to  be  accomplished 
solely  by  passage  through  the  digestive  tract  of  the  borer,  though 
not  for  purposes  of  digestion,  for  it  seems  to  pass  unchanged  through 
the  tract.  The  total  amount  excavated  by  the  borer  exceeds  con- 
siderably the  volume  of  the  body  of  the  borer.  The  rate  of  excavation 
was  found  by  Sigerfoos  (1908)  to  be  in  the  case  of  young  Xylotrya 
100  mm.  in  the  first  36  days  of  burrowing  or  nearly  3  mm.  per  day. 
When  the  borers  are  active  in  the  piling  it  is  possible  to  hear  the 
rasping  of  their  tools  on  the  wood  by  placing  the  ear  against  the 
exposed  top  of  the  pile. 


Digitized  by  LjOOQ IC 


216  Seventeenth  Annual  Meeting 

Life  History 

Little  is  known  of  the  life  history  of  Xylotrya  setacea  beyond  the 
fact  that  it  does  not  seem  to  be  breeding  in  San  Francisco  Bay  in 
the  autumn  months.  Sigerfoos  worked  out  the  life  history  of  the 
Atlantic  Coast  species,  X,  gouldi  Jeffreys.  This  species  is  stated  by 
him  to  be  hermaphroditic  in  young  stages,  while  in  the  older  ones  the 
sexes  are  separate.  The  young  become  sexually  mature  about  one 
month  after  they  enter  the  wood  while  they  are  only  about  two 
inches  long. 

Xylotrya  differs  from  Teredo  navdlis  in  extruding  the  eggs  or  sperm 
both  freely  into  the  sea  water  through  the  dorsal  siphon.  The  breeding 
period  at  Beaufort,  N.  C,  extends  from  May  throughout  the  summer  and 
was  in  full  blast  late  in  August,  when  observations  ceased.  The  sperm 
cell  meets  the  egg  by  chance  in  the  water  and  the  two  unite.  The  egg 
then  developes  quickly,  within  three  hours,  into  a  free-swimming  larval 
stage  (pi.  26,  fig.  2).  The  egg  and  larva  are  only  about  ^qq  of  an  inch 
in  diameter.  The  larva  forms  a  circlet  of  cilia  or  velum  used  as  an 
organ  of  locomotion,  and  for  the  capture  of  food.  It  soon  adds  a 
pair  of  typical  clam  shells  and  a  tongue-like,  protrusible  foot.  After 
living  a  free  life  for  about  one  month  and  increasing  somewhat  in 
size,  the  larva,  because  of  the  increased  weight  of  the  shells,  tends 
to  settle  down,  preferably  upon  wood  and  more  often  near  the  mud- 
line.  It  fastens  itself  to  the  surface  of  the  wood  by  a  sticky  thread 
secreted  by  the  foot  which  is  thrown  out  as  a  lasso  (pi.  26,  fig.  2)  to 
anchor  the  delicate  animal  in  its  precarious  position  on  the  pile  where 
creeping  crustaceans,  snails,  and  worms  are  skirmishing  about  for  food. 
It  then  retracts  and  eats  its  own  velum,  and  transforms  its  tongue-like 
foot  into  a  sucker,  and  by  rapid  growth  changes  the  clam  shells  into 
shells  of  the  borer  type,  grows  out  its  elongating  siphons  and  starts 
drilling  operations.    When  first  attached  it  is  0.75  mm.  in  length. 

The  following  table  gives  the  rate  of  growth  of  Xylotrya  gouldi 
as  determined  by  Sigerfoos  (1908)  at  Beaufort,  N.  0.,  in  midsummer. 

Length  in 
millimeters 

Just  attached  to  the  wood 0.25 

12  days  after  attachment.. 3.00 

16  days  after  attachment 6.00 

20  days  after  dttachment 11.00 

30  days  after  attachment 63.00 

36  days  after  attachment 100.00 

At  the  age  of  30  days  it  begins  breeding  and  probably  attains  the 
adult  size  of  two  feet  in  length  by  the  following  summer. 

The  number  of  eggs  produced  is  not  known,  but  in  Teredo  dUatata, 
a  large  species  attaining  a  length  of  four  feet  and  a  diameter  of  one 
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inch,  Sigerfoos  (1908)  estimated  the  number  of  ova  at  100,000,000. 
This  enormous  number  provides  for  the  great  wastage  caused  by  the 
high  death  rate  of  the  very  susceptible  stage  in  the  first  few  hours  of 
life  of  the  new  individual  and  for  the  great  destruction  of  larvae  in 
the  plankton  by  plankton-feeding  animals. 


Burrows 

The  burrows  of  Xylotrya  setaoea  differ  from  those  of  the  two 
species  of  Teredo  found  in  San  Francisco  Bay  in  two  important  par- 
ticulars. They  are  larger  and  they  present  continuous  minor  devia- 
tions from  the  straight  or  curved  course  which  Teredo  pursues  (com- 
pare plates  12  and  19,  figure  2).  Their  burrows  are  therefore  less 
symmetrical  and  regular  than  those  of  Teredo,  These  slight  ridges 
which  occur  on  the  walls  of  the  burrow  of  Xylotrya  are  due  to  abrupt 
but  slight  changes  in  direction  of  boring  resulting  from  a  shift  in 
position  of  the  foot  and  shell.  They  sometimes  are  less  than  milli- 
meter apart.  Xylotrya  also  sometimes  withdraws  from  the  end  of 
its  burrow  and  changes  the  course  of  its  tube  very  abruptly,  it  may  be 
at  right  angles  at  some  distance  above  the  end  of  the  tube.  This 
gives  a  false  appearance  of  the  crossing  of  burrows. 

The  burrow  of  Xylotrya  enters  the  pile  at  right  angles  to  the 
surface  as  a  small  pin  hole  and  turns  obliquely,  usually  downwards, 
enlarging  rapidly  within  2  inches  of  the  surface  to  one-quarter  inch 
and  within  four  inches  to  three-eighths  to  one-half  inch.  It  does  not 
restrict  its  course  to  sap  wood  and  in  cases  of  sparse  seeding  of  the 
borers,  often  bores  obliquely  deep  into  the  wood  before  turning  to 
run  with  the  grain  of  the  timber.  For  this  reason,  surface  samples 
may  not  reveal  lightly  infected  piling. 

The  largest  burrows  we  have  found  in  San  Francisco  Bay  were 
seven-eighths  inch  in  diameter  in  their  lower  portion  and  had  a  length 
exceeding  30  inches.  At  mud-line  levels  of  the  pile  on  the  San  Fran- 
cisco and  Oakland  waterfronts  (pi.  13,  figs.  1,  2)  they  riddle  the  pile 
completely  by  transverse  and  oblique  burrows  because  of  the  crowd- 
ing of  the  borers  and  the  consequent  impossibility  of  boring  with  the 
grain.  In  comparison  with  Teredo  in  San  Francisco  Bay  they  are 
more-  sparsely  set  in  the  piling  (pi.  25)  and  tend  to  bore  more  deeply 
into  it.  When  Teredo  is  sparsely  set  it  tends  to  run  its  burrows  with 
the  grain  near  the  surface. 

Xylotrya  is  generally  found  in  association  with  Limnoria  in  our 
waters  and  the  two  invade  the  pile  together  although  it  is  probable 
that  when  once  Limnoria  gets  possession  of  the  surface,  Xylotrya  has 
a  small  chance  to  get  into  wood.  However,  creosote-treated  piling 
hollowed  out  by  Limnoria  sometimes  has  a  few  Xylotrya  at  work 
within  the  creosoted  shell  but  not  traversing  it. 
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I>l8txlbiitlon 

The  distribution  of  this  species  is  imperfectly  known  beyond  the 
fact  that  it  occurs  on  California  coasts.  The  genus  Xylotrya  is  found 
in  fossil  wood  of  the  Miocene  at  Astoria.  It  has  long  been  known 
in  San  Francisco  Bay,  Oakland  Estuary,  Lake  Merritt,  the  Golden 
Gate,  Santa  Cruz  and  San  Pedro.  It  probably  has  a  wider  range  of 
distribution  both  to  the  north  and  to  the  south. 

The  present  investigation  has  revealed  its  presence  on  the  San 
Francisco  waterfront,  from  South  San  Francisco  to  Fort  Mason, 
Tiburon,  in  old  worn  or  in  unprotected  piling  in  the  various  moles 
on  the  Oakland  waterfront,  in  the  Oakland  Estuary  and  San  Leandro 
Bay,  and  in  unprotected  timbers  in  the  Dumbarton  Cut-Off.  The 
most  upstream  location  thus  far  detected  is  at  Crockett,  where  a  few 
large  individuals  were  found  by  Engineer  A.  A.  Brown  of  the  Califor- 
nia and  Hawaiian  Sugar  Refining  Company  in  piling  heavily  infected 
by  Teredo,  There  is  no  evidence  that  it  entered  the  upper  bay  beyond 
Carquinez  Straits  in  any  considerable  numbers  as  did  Teredo,  It  does 
not  appear  to  adapt  itself  readily  to  the  more  brackish  water  as  does 
T,  navalis. 

There  is  one  record  of  unusual  interest  but  some  uncertainty. 
Among  the  piles  pulled  in  1920  at  the  Santa  Fe  Wharf  at  Antioch 
was  one  having  a  few  Xylotrya  burrows.  This  was  an  old  pile  driven 
twenty-nine  years  before.  There  was  no  evidence  that  this  particular 
pile  had  seen  service  elsewhere  and  been  infected  in  a  prior  location. 
Its  exterior  showed  the  same  conditions  as  the  other  piling  from  the 
Antioch  wharf.  The  number  of  tubes  was  very  small  and  they  were 
evidently  very  old.  It  is  possible  that  they  represent  an  infection  of 
some  earlier  period  of  low  water  and  upstream  invasion  of  Xylotrya, 
Absence  of  authentic  records  regarding  the  piling  makes  a  final 
decision  on  this  case  impracticable. 

Deatroctlon  of  Timber 

The  rate  of  growth  of  Xylotrya  under  existing  conditions  in  the 
bay  is  seen  in  the  fact  that  piles  in  the  dolphin  off  the  Alameda  Mole 
driven  in  February,  1919,  were  so  weakened  at  the  mud-line,  mainly 
by  Xylotrya,  that  they  had  to  be  removed  in  November,  1920,  that 
is  in  about  twenty  months.  The  effective  destructive  agent  here  was 
Xylotrya,  Limnoria  had  eroded  the  surface  for  several  inches  and  a 
light  infection  of  T,  navdlis  was  also  present,  but  its  destructive 
effect  was  slight  in  comparison  with  that  of  Xylotrya,  Piling  in  the 
neighborhood  of  the  Golden  Gate  lasts  only  six  months,  owing  to  the 
combined  action  of  Xylotrya  and  Limnoria^  In  so  far  then  as  our 
data  go,  it  appears  that  the  principal  MoUuscan  borer  to  be  guarded 
against  in  the  main  and  lower  parts  of  San  Francisco  Bay  and  on  the 
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ocean  front  where  salinities  are  those  normal  to  the  sea  or  approach 
it  is  Xylotrya  setacea. 

In  the  heaviest  cases  of  attack  on  piling  by  Xylotrya  which  have 
come  to  our  attention  the  degree  of  destruction  of  the  substance  has 
been  less  than  that  in  piling  suffering  from  the  severest  attacks  by 
Teredo  na/vdlis.  This  appears  to  be  due  to  the  relative  numbers  of 
borers  settling  on  the  piling.  Under  existing  conditions,  the  seeding 
by  Xylotrya  is  evidently  lees  abundant  and  less  close  set  than  by 
Teredo  navaUs  in  its  territory.  On  the  other  hand,  the  destruction 
by  Teredo  navalis  in  the  main  bay  has  as  yet  been  rather  lighter  than 
that  by  Xylotrya,  Two  factors  are  at  work  to  produce  this  result, 
the  adaptation  of  Teredo  navaXis  to  slightly  brackish  waters,  and  of 
Xylotrya  setacea  to  normal  ocean  waters,  and  the  difference  in  breed- 
ing habits.  Teredo  navalis  releases  its  larvae  in  the  free  swimming 
state  and  Xylotrya  discharges  its  undeveloped  sex  cells  into  the  sea. 
The  death  rate  is  naturally  higher  in  the  latter  genus,  and  the  settling 
of  the  larvae  less  abundant  in  consequence. 


Teredo  diegensis  Bartsch* 
Plate  19 

This  species  was  briefly  described  by  Bartsch  (1916)  from  San 
Diego  and  this  name  was  also  given  by  him  in  1917  to  the  species 
found  at  Mare  Island  by  Dr.  A.  L.  Barrows  in  1914-1916,  but  the 
latter  is  undoubtedly  Teredo  nawdis  and  not  diegensia. 

Anatomical  Stracture 

This  is  the  smallest  of  the  moUuscan  borers  of  this  vicinity  and 
the  one  of  most  restricted  distribution  in  the  bay.  It  does  not  appear 
that  it  took  any  part  in  the  destruction  of  piling  in  the  upper  bay 
in  recent  years.  For  these  reasons,  it  appears  at  present  as  though 
it  was  of  least  importance  here  from  the  industrial  standpoint. 

Teredo  diegenais  (pi.  19,  fig.  4)  is  a  small  species,  one  to  four 
inches,  with  a  short  body  lacking  the  long  extension  from  the  visceral 
mass  to  the  collar  and  pallets.  It  is  therefore  a  stouter  species, 
especially  when  the  brood  sac  is  distended  with  larvae.  The  body 
is  also  distinguished  by  the  stout  enlarged  collar,  and  the  dorsal 
bilaterally  divided  brood  sac  which  distends  the  middle  third  of  the 
body.  Through  its  thin  translucent  walls  the  slightly  brownish 
bivalve  shells  of  the  larval  stages  can  be  seen.  The  collar  is  excep- 
tionally large  in  this  species  and  is  firmly  adherent  to  the  shelly  lining 
of  the  tube.  Fragments  of  this  lining  appear  on  two  of  the  animals 
photographed  (pi.  19,  fig.  4).  This  attachment  makes  it  very  difficult 
to  remove  the  living  animal  from  its  tube. 


*  Identiflcation  by  Dr.  W.  H.  Dall,  Smithsonian  Institution,  Washington,  D.  0. 
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Life  History 

The  life  history  of  this  species  is  unknown  except  for  the  fact 
that  it  was  found  in  November  in  San  Francisco  Bay  with  brood,  sacs 
full  of  larvae.  These  larvae  look  like  minute  clams  and  on  November 
5,  1920,  at  South  San  Francisco  had  a  length  of  .025  inch.  In  a 
specimen  two  inches  long  there  were  490  larvae  in  the  brood  sac. 
This  number  is  relatively  small  in  comparison  with  the  enormous 
numbers  of  ova  produced  in  Xylotrya  and  in  Teredo  navalis.  It  was 
also  breeding  in  a  season  of  the  year  in  which  neither  of  these  other 
borers  were  sexually  active. 

The  pallets  (pi.  19,  figs.  1-3)  of  Teredo  diegenms  are  very  character- 
istic and  are  subject  to  striking  changes  during  the  life  of  the  animal. 
In  the  yojinger  and  many  of  the  older  and  larger  individuals  the 
pallets  are  dark  brown  or  black  in  the  outer  two-thirds  of  their  length. 
They  are  fork-shaped  with  two  lateral  acuminate  prongs  whose  length 
may  equal  the  width  of  the  pallet.  These  prongs  taper  gradually  to 
a  sharp  point.  The  pallet  is  hand-  or  paddle-shaped,  convex  out- 
wardly, concave  on  the  inner  face,  and  contracted  anteriorly  with  a 
semicircular  outline  into  the  stout  cylindrical  shape,  nearly  as  long 
as  the  expanded  part  of  the  pallet,  which  is  continued  under  the 
collar  into  the  retractor  muscle. 

The  black  color  of  the  paddle  and  tips  of  the  pallet  is  due  to  the 
horny  black  outer  coat  or  periostracum  covering  the  pallet.  In  some 
older  individuals  we  find  this  outer  covering  stripped  off  and  a  whitish 
oval  paddle  forms  the  blade  of  the  pallets  in  such  cases.  It  is 
possible  in  some  cases  to  pull  the  periostracum  off  and  thus  reduce 
the  pallets  to  the  oval  form. 

It  is  to  be  noted  in  this  connection  that  the  pallets  of  Teredo 
norvegica  have  been  described  in  the  two  conditions  found  by  us  in 
r.  diegensis.  This  fact  together  with  the  habit  of  carrying  the  larvae 
in  a  brood  sac  indicate  that  T.  diegensis  is  rather  closely  related  to 
T,  norvegica  but  differs  from  it  in  the  shape  and  size  of  its  siphons, 
and  in  its  smaller  size. 

The  siphons  (pi.  19,  fig.  1)  of  T.  diegensis  are  short  and  stout, 
and  of  nearly  equal  diameter  and  length.  In  a  contracted  condition 
the  anal  siphon  is  only  a  trifle  shorter  than  the  ventral  one.  They 
are  not  pigmented  as  they  are  in  T.  navalis. 

Burrows 

The  burrows  of  T.  diegensis  differ  from  those  of  T.  navalis  in  not 
attaining  so  large  a  size,  in  showing  more  irregularities  in  direction, 
and  (at  least  in  some  timbers)  in  showing  more  clearly  the  serrations 
on  the  wall  due  to  the  action  of  the  shell.  They  are  also  apparently 
more  heavily  lined  with  nacre.    They  enter  the  wood  through  a  small 
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hole,  curve  obliquely  across  the  grain,  and  sometimes  turn  rather 
abruptly  to  run  with  the  grain.  They  expand  rather  quickly  after 
entering  the  wood  to  a  diameter  of  three-sixteenths  to  one-quarter 
inch  and  do  not  increase  distally  to  any  noticeable  amount.  The 
largest  tube  we  have  thus  far  found  is  about  six  inches  long  and 
five-sixteenths  inch  in  diameter.  An  examination  of  the  burrows 
shows  one  characteristic  instance  among  crowded  burrows  near  the 
margin,  of  a  burrow  with  frequent  changes  of  direction,  as  though 
the  animal  was  endeavoring  to  change  the  course  of  the  burrow  to 
avoid  its  neighbors  but  was  baffled  at  every  turn.  The  serrations 
on  the  wood  correspond  rather  closely  to  the  fine  ridges  on  the  shell, 
in  their  dimensions. 

We  have  not  found  any  evidence  of  either  a  longitudinal  division 
or  of  transverse  ridges  or  of  chambered  partitions  in  the  outer  ends 
of  the  burrows  of  this  species,  such  as  have  been  described  in  T.  TKyr- 
vegica  and  some  other  species. 


Distxibutioii 

This  species  is  known  only  from  San  Diego  Bay  and  San  Francisco 
Bay,  but  may  be  expected  in  intermediate  regions.  It  was  reported 
on  Dr.  Bartsch's  identification  by  Barrows  (1917)  at  Mare  Island  and 
vicinity  in  1914-1917,  but  it  seems  probable  that  the  species  present 
in  that  locality  at  that  time  was  the  same  as  the  one  there  now, 
namely,  T.  navcJAs, 

We  have  found  T,  diegensis  only  in  one  restricted  locality  in  all  of 
our  extensive  examinations  of  infected  piling  in  San  Francisco  Bay. 
This  was  in  some  untreated  boards  and  timbers  in  the  wharf  of  the 
Schaw-Batcher  Shipbuilding  Company  at  South  San  Francisco  on 
November  5,  1920.  Oft-repeated  examinations  of  new  and  old  piling 
and  experimental  plants  in  the  Upper  Bay  and  at  Mare  Island  have 
failed  thus  far  to  reveal  a  single  specimen  of  T,  diegensis  in  this 
locality,  or  in  fact  at  any  other  place  than  the  Schaw-Batcher  wharf. 
Since  we  were  unable  to  examine  untreated  pulled  piling  at  that 
locality,  we  are  unable  to  define  the  extent  of  its  ravages.  It  is  not 
as  yet  known  to  what  extent  it  is  responsible  for  destruction  of  piling 
at  San  Diego  or  elsewhere.  It  was  not  found  in  samples  of  piling 
from  near  tide  line  at  Monterey  or  Gaviota.  It  is  not  at  present  a 
factor  of  much  industrial  consequence  in  San  Francisco  Bay  and 
apparently  took  no  part  in  the  extensive  destruction  of  marine  struc- 
tures in  the  Upper  Bay  in  recent  years.  The  fact  that  it  completely 
riddled  small  timbers  and  boards  at  South  San  Francisco  indicates 
that  it  has  destructive  capacities,  though  the  small  numbers,  large 
size  and  heavy  weight  of  its  larval  stages  might  limit  the  rate  of  its 
spread. 
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Destruction  of  Timber 

Data  as  to  this  are  inadequate  as  yet,  beyond  the  fact  that  the 
settlement  on  the  timbers  observed  is  less  dense  and  the  wood  far 
less  completely  riddled  than  is  wood  attacked  by  Teredo  in  the  Upper 
Bay  or  in  territories  adjacent  to  that  in  which  T.  diegensia  occurred 
in  the  bay.  It  would  be  unsafe  to  infer  from  this  that  this  species 
would  be  correspondingly  ineffective  in  other  or  in  all  conditions  of 
life. 


Teredo  navalis  Linnaeus* 

The  Pileworm  of  Brackish  Waters 
(Plates  20  to  30) 

This  is  the  ship-worm  of  the  dykes  of  Holland  though  probably 
not  in  all  cases  the  '' calami tas  navium"  of  Linnaeus,  for  another 
species,  Teredo  megotara,  is  more  often  found  in  the  sheathing  and 
timbers  of  vessels.  The  precise  identity  of  this  species  is  wrapped  in 
obscurity  because  of  the  imperfect  descriptions  and  varying  appli- 
cation of  the  name  by  early  naturalists.  The  species  we  find  in  San 
Francisco  Bay  and  the  one  which  created  havoc  in  recent  times  in 
marine  structures  corresponds  to  the  one  reported  to  Dr.  Caiman 
(1918)  of  the  British  Museum  of  Natural  History  in  a  recent  publica- 
tion and  in  the  report  of  Dr.  Redeke  (1912)  of  the  Boyal  Institution 
for  the  Investigation  of  the  Sea,  as  Teredo  navalis  Linnaeus. 

This  species  is  the  medium-sized  species  of  the  three  molluscan 
borers  occurring  in  this  region.  It  is,  when  full  grown  in  the  autumn, 
from  four  to  ten  inches  in  length,  generally  six  to  eight,  and  the 
diameter  of  the  head  end  is  from  one-fourth  to  three-eighths  of  an 
inch.  Its  elongated  worm-like  body  is  whitish  in  color,  almost  trans- 
lucent towards  the  outer  end,  with  reddish  orange  and  whitish  viscera 
showing  through  towards  the  head  or  shell-bearing  end. 

The  body  lies  in  the  burrow  which  enters  the  pile  horizontally  and 
generally,  but  not  always,  turns  downward  at  once  and  expands  within 
one  or  two  inches  to  a  nearly  uniform  diameter  throughout  the  rest 
of  its  course.  The  head,  anterior,  or  shell-bearing  end  is  at  the  bottom 
of  the  burrow  with  the  shell  resting  against  the  end  or  withdrawn  or 
even  partitioned  off  by  a  shelly  membrane  in  old  specimens.  The 
mouth  of  the  burrow  (pi.  20,  fig.  1)  is  a  minute  pore  from  which  the 
mollusk  protrudes  its  two  siphons,  and  which  it  closes  by  means  of 
the  two  stout  pallets  attached  behind  the  siphons.  This  is  the 
posterior  end  of  the  body  and  the  end  at  which  water  for  respiration 
and  food  enter  and  from  which  the  chips  from  the  drilling  of  the 
wood  and  the  excreta  are  removed. 


*  Identification  based  on  comparison  with  specimens  from  European  waters  at 
Plymouth,  from  Holland,  Denmark,  and  Sweden. 
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Anatomical  Stmcture 

A  side  view  of  the  body  will  show  the  relation  of  the  parts  to  the 
activities  of  the  animal.  We  shall  deal  only  with  the  more  diagnostic 
features  of  the  structure  of  Teredo  navcUia  since  we  have  already  dis- 
cussed the  anatomical  structure  of  Xylotrye^ 

The  shell  (pi.  29,  fig.  1)  is  similar  to  that  of  the  other  moUuscan 
borers  in  its  form  and  structure  and  when  full  grown  is  midway  in 
size  between  those  of  Xylotrya  and  Teredo  diegenMs,  Owing  to  changes 
in  the  shell  with  growth,  wear  and  age,  differences  in  structure 
between  the  shells  of  this  species  and  those  of  the  other  borers  are 
not  readily  defined  and  one  must  turn  to  the  more  evident  structure 
of  the  pallets  and  siphons  for  easily  used  diagnostic  characters. 

The  pallets  of  Teredo  tuwalis  (pi.  28,  fig.  2)  are  spade-  or  paddle- 
shaped  structures  each  with  a  short  cylindrical  stalk  connected  below 
the  collar  with  its  retractor  muscle.  The  posterior  end  is  deeply 
concave,  and  the  lateral  margins  are  carried  out  in  acute  points 
which  may  be  worn  down  to  blunt  stubs  in  old  pallets.  The  pallet 
is  blackish  towards  the  tip,  but  the  dark  color  is  reduced  in  worn 
pallets.  We  have  found  no  pallets  which  have  shed  the  dark  peri- 
ostracum  layer  as  in  Teredo  diegensis.  The  outer  surface  of  the  pallets 
is  convex,  the  inner  somewhat  concave,  so  that  when  pushed  into  the 
orifice  of  the  burrow  they  slide  over  and  enclose  the  tips  of  the 
siphons. 

The  pallets  of  Teredo  navcUis  differ  from  those  of  T.  diegensis  not 
only  in  having  less  black  color  but  they  are  also  much  larger,  nearly 
twice  as  large  in  fact,  and  the  connection  between  the  blade  and  stalk 
is  subcorneal  instead  of  semi-circular  in  outline.  In  some  instances, 
a  membrane  joins  the  prongs  on  the  inner  face  as  in  the  segments 
of  the  pallets  of  Xylotrya^  but  this  is  absent  in  old  specimens. 

In  most  cases  in  the  examination  of  freshly  split  infected  piling 
the  pallets  may  be  detected  near  the  entrance  of  the  burrows  as 
prominent  white  objects  visible  on  close  inspection  to  the  naked  eye. 
They  are  easily  demonstrated  with  the  hand  lens  and  when  once  known 
afford  a  ready  means  of  identification  of  this  borer. 

The  siphons  of  Teredo  navalis  are  also  characteristic  of  the  species. 
They  are  relatively  large,  and  the  contrast  in  size  between  the  two  is 
greater  than  in  either  Xylotrya  or  T.  diegensis.  The  anal  or  dorsal 
siphon  is  about  half  the  length  and  half  the  diameter,  when  in  a 
contracted  state,  of  that  of  the  ventral  or  incurrent  siphon.  The 
siphons  are  both  pigmented  with  scattered  blotches  of  a  reddish  brown 
pigment  especially  near  their  ends,  whereas  the  siphons  of  the  other 
molluscan  borers  are  less  noticeably,  if  at  all,  pigmented. 


Digitized  by  LjOOQ IC 


224  Seventeenth  Annual  Meeting 

Life  History 

Little  is  known  of  the  life  history  of  this  common  pest  in  the  face 
of  the  fact  that  it  has  long  been  known  as  an  enemy  of  marine  struc- 
tures. In  our  own  locality  we  have  no  definite  record  of  its  breeding 
seasons.  Our  investigations  were  started  too  late  in  the  autumn  to 
detect  the  limits  of  this  phase  of  the  animal's  life  in  1920.  We  only 
know  that  it  was  not  carrying  larvae  in  its  gills  after  October  5th, 
and  has  not  since  been  found  with  them.  The  trend  of  such  frag- 
mentary evidence  as  we  have  is  that  there  is  an  annual  breeding 
season  extending  over  several  months  in  midsummer  and  that  the 
larvae  began  settling  at  Port  Costa  in  July  and  ceased  in  October, 
but  these  limits  are  not  accurately  established  and  may  be  exceeded 
elsewhere  at  both  ends  of  the  period  because  the  varying  salinity  in 
our  area  may  have  modified  our  findings. 

Evidence  of  an  earlier  breeding  season  is  found  in  data  from 
Crockett  furnished  by  Construetion  Engineer  A.  A.  Brown  from  a 
pile  driven  in  January,  1920,  and  pulled  in  May,  1920,  when  it  was 
found  to  be  infected  with  Teredo  navalis  and  penetrated  to  a  depth  of 
two  inches.  Since  it  took  two  months  at  Port  Costa  (under  less  favor- 
able conditions  as  to  depth  and  current)  to  acquire  this  penetration  in 
August-October,  we  may  conclude  that  the  two  inches  of  penetration  at 
Crockett  in  May  implies  a  settlement  of  larval  stages  as  early  as  April 
and  hence  a  breeding  season  beginning  in  March.  In  Holland,  eggs 
are  found  in  Teredo  in  June  and  July  and  larvae  settled  from  July  to 
September. 

It  is  also  probable  that  it  reaches  sexual  maturity  in  the  first  year 
of  its  growth.  Caiman  (1919)  supports  the  opinion  that  it  is  short 
lived,  dying  within  the  year,  or  in  the  autumn,  and  that  only  a  very 
few  of  the  adults  live  over  the  winter.  We  have  found  a  heavy  death- 
rate  in  the  autumn  associated  with  falling  salinity,  and  also  find  in 
crowded  territory  near  the  mud-line  that  the  death  rate  is  wont  to 
be  heavy.  At  Crockett,  at  a  recent  examination  of  piling,  live  Teredo 
were  still  found  though  falling  salinity  had  killed  them  off  in  the 
Mountain  Copper  Company's  experimental  piling  early  in  December 
and  at  Port  Costa  in  experimental  timbers  6  by  8  inches  and  in  a 
14-inch  pile  from  the  wharf  by  December  18th.  They  were  all  killed 
in  the  Shell  Company's  wharf  at  Martinez  on  January  15,  1921. 
Salinities  at  Crockett  were  below  5  parts  per  1000  since  November  23, 
1920,  except  for  flood  tides  on  seven  days. 

The  ova  of  Teredo  navalis  are  reported  to  be  held  within  the  body 
of  the  female  until  they  are  fertilized  by  the  sperm  which  are  ejected 
by  the  male  through  the  dorsal  siphon  and  make  their  way  by  chance 
into  the  body  of  the  female  where  they  fertilize  the  ova.  These  then 
develop  rapidly  into  free-swimming  larvae  which  are  .then  permitted 
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to  escape  into  the  sea.  They  are  supposed  to  be  capable  of  swimming 
about  for  at  least  a  month  during  which  time  they  develop  a  foot 
and  a  set  of  bivalve  shells  (pi.  26,  fig.  2).  They  are  then  ready  to 
settle  down  on  the  wood,  and  transform  into  the  boring  adult  type. 

The  number  of  ova  contained  in  the  body  of  Teredo  navcUis  was 
estimated  by  the  old  Dutch  naturalist  Sellius  (1733)  to  be  1,874,000. 
Since,  however,  the  breeding  season  may  extend  over  several  months 
it  is  probable  that  the  number  of  ova  produced  in  the  larger  females 
is  considerably  in  excess  of  this  estimate. 

During  its  larval  life  the  young  Teredo  may  be  carried  by  tidal 
or  ocean  currents  for  long  distances  far  from  its  parental  home. 
Hence  the  ease  with  which  it  invades  new  territories.  The  length  of 
the  larval  life  is  siifficient  to  permit  even  a  trans-oceanic  transfer  in 
the  tank  of  a  steamer,  or  a  drift  with  the  current  for  several  hundred 
miles. 

The  habit  of  discharging  the  larvae  into  the  sea  makes  every  piece 
of  infected  timber  a  potential  source  of  infection  of  other  structures 
in  the  route  of  passing  currents  and  of  accidental  and  occasional 
dispersal  to  more  distant  regions.  It  is  doubtless  by  some  such  series 
of  migrations  that  the  Teredo  of  European  coasts  has  found  its  way 
to  San  Francisco  Bay,  whether  by  way  of  the  Suez  Canal  and  trans- 
pacific routes  or  transpacific  currents,  or  via  shipping  through  the 
Panama  Canal,  we  can  only  conjecture. 

This  migratory  habit  in  the  larval  period  has  a  direct  bearing  on 
the  future  of  engineering  treatment  of  marine  structures  in  San  Fran- 
cisco Bay  and  especially  in  that  part  above  the  Carquinez  Straits. 
Since  Teredo  navdlis  is  now  established  in  San  Fancisco  Bay,  it  is 
practically  impossible  to  exterminate  it,  and  biologically  certain  that 
it  will  continue  to  find  sufficient  wood  along  the  shores  of  this  region 
to  maintain  itself.  For  example,  we  found  bits  of  river  driftwood  at 
Pinole  lodged  among  the  shallow  water  rushes  which  were  shot  full  of 
little  Teredo. 

If  it  can  thus  maintain  itself  it  id  biologically  certain  that  any 
unprotected  wooden  structures  exposed  in  San  Francisco  Bay  will 
sooner  or  later  be  attacked  and  destroyed  by  this  borer.  It  is  equally 
certain  that  it  has  capacities  of  rapid  invasion  of  newly  exposed 
regions  tributary  to  the  bay  greatly  exceeding  those  of  Xylotrya 
and  T.  diegensis.  Should  salinities  in  future  years  in  the  Upper  Bay 
rise  above  10  parts  per  1000,  as  they  did  in  1916-1920,  the  catastrophe 
of  the  past  year  will  be  repeated,  if  wood  is  available  for  its  attack. 
It  is  biologically  certain  that  this  invasion  of  San  Francisco  Bay  by 
Teredo  navalis  has  added  a  new  element  to  the  marine  hazards  which 
threaten  marine  structures  in  this  region.  It  is  only  a  question  of 
time  until  this  pest  will  appear  in  other  ports  on  the  Pacific  Coast. 
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It  is  therefore  advisable  that  all  engineers  in  charge  of  marine 
structures  plant  test  timbers  at  favorable  locations  in  their  structures 
and  examine  them  at  frequent  intervals  from  April  to  October  to 
detect  incipient  attacks  by  Teredo.  Heavy  infection  of  such  timbers 
would  mean  infected  piling  in  the  neighborhood. 


Borrows 

The  tubes  or  burrows  of  Teredo  navalis  differ  from  those  of 
Xylotrya  setacea  and  T.  diegensis  in  our  timbers  in  being  smaller  than 
the  former  and  larger  than  the  latter  and  somewhat  more  thickly  set 
or  crowded  than  either.  They  enter  the  piling  less  deeply  than 
Xylotrya,  whose  burrows,  whether  few  or  many,  are  wont  to  enter  the 
pile  even  to  the  center,  while  Teredo  enters  deeply  by  reason  of  crowd- 
ing. Moreover,  Xylotrya  works  in  shallow  water  less  readily  than 
Teredo, 

The  maximum  length  is  not  often  in  excess  of  twelve  inches  and 
the  maximum  diameter  one-fourth  or  five-sixteenths  of  an  inch.  When 
crowded  the  burrows  are  often  only  one-eighth  of  an  inch  in  diameter. 
The  bilrrows  enter  by  minute  holes  0.008  inch  in  diameter  when  first 
made  but  enlarged  to  as  much  as  0.03  as  the  animal  grows  older.  This 
outer  end  enlarges  rapidly  within  an  inch  of  the  orifice  to  accommo- 
date the  pallets  and  collar.  The  burrow  runs  a  curved  or  straight 
course,  often  with  the  grain  and  downwards  when  not  crowded,  or 
more  or  less  obliquely  across  it  when  crowded  (pi.  20,  fig.  2). 

The  burrows  twist  and  turn  to  avoid  crossing  each  other  and  the 
direction  of  the  tube  may  even  be  abruptly  reversed  in  a  short  turn, 
or  the  inner  end  abandoned  and  a  new  course  established  at  a  point 
above  it  (pi.  26,  fig.  2).  The  burrows  are  subect  to  minor  deviations  in 
direction  but  not  to  the  degree  found  in  the  tubes  of  Xylotrya  and 
Teredo  diegensis.  They  are  generally  straighter  or  more  regularly 
curved,  and  have  smoother  walls.  The  burrow  is  lined  with  a  thin 
wall  of  nacre  which  scales  off  readily.  It  has  no  cross  ridges  or 
middle  partition  as  in  that  of  Teredo  norvegioa.  We  have  not  foiind 
it  forming  stout  calcareous  tubes  as  the  wood  is  eroded  by  Limnoria 
or  other  causes,  though  a  heavier  calcification  of  the  outer  tip  of 
the  burrow  may  occur.  The  smaller  size  of  the  pallets  of  this  species 
as  compared  with  those  of  Xylotrya  makes  any  enlargement  of  the 
opening  a  dangerous  matter  for  this  species. 

The  settling  of  the  larval  stages  upon  the  timbers  is  quite  variable 
in  density  and  location  on  the  pile.  The  following  factors  appear 
to  be  operative  in  determining  the  location:  (1)  The  weight  of  the 
larval  stage  due  to  the  growth  of  the  shell  tends  to  increase  the 
numbers  near  the  bottom  as  they  settle  from  the  plankton.     Hence, 
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the  pile  at  and  just  above  the  mud-line  is  most  heavily  attacked  and 
most  quickly  and  completely  penetrated,  thus  leading  to  the  breaking 
off  of  the  piling  at  the  mud-line.  They  extend  upward  on  the  pile 
to  within  a  foot  or  less  of  the  barnacle  line  or  to  a  little  above  mean 
tide  level.  (2)  The  set  of  the  current  with  reference  to  the  sources 
of  infection  and  its  rate  of  movement  combine  to  determine  the  rela- 
tive numbers  settling  on  upstream  and  downstream  faces,  or  off- 
and  inshore  sides.  At  Mare  Island  dike,  the  upstream  and  offshore 
face  against  which  the  current  plays  more  rapidly  was  the  one  more 
heavily  attacked  and  more  deeply  penetrated  (pi.  23,  fig.  1).  At 
Port  Costa,  the  faces  next  the  current  were  also  more  heavily  set  on 
experimental  timber  (pi.  27)  and  more  deeply  penetrated.  At  Mar- 
tinez, owing  to  some  imdetermined  feature  of  current  or  source  of 
infection,  it  was  the  easterly  side  of  the  piling  which  was  more  rapidly 
penetrated.  (3)  There  is  a  noticeable  irregularity  of  distribution 
of  the  settling  of  larvae  on  the  surface  of  the  wood  and  one  often 
finds  what  appear  to  be  centers  of  settlement  from  which  the  tubes 
radiate  into  the  wood  while  adjacent  surfaces  will  be  thinly  set 
if  at  all.  There  is  a  possibility  that  these  local  differences  have  their 
origin  in  differences  in  the  amount  and  quality  of  the  extractives 
from  the  wood  to  which  the  larvae  are  sensitive,  with  the  result  that 
they  are  drawn  to  certain  areas  more  than  to  others.  These  areas 
bear  no  fixed  relation  to  knots  or  other  structural  features. 

The  number  of  larvae  settling  on  a  given  timber  is  subject  to 
many  variations  and  the  only  limit  in  number  appears  to  be  the 
available  surface.  Mr.  Mattos  reports  having  counted  347  on  a  single 
square  inch.  In  heavily  infected  timber  with  close  set  tubes  we  find 
as  high  as  twelve  in  a  linear  section  of  one  inch  but  in  general 
the  number  of  tubes  in  a  square  inch  is  not  often  in  excess  of  25-50. 

The  degree  of  destruction  of  the  timber  by  excavation  is  a  function 
of  the  density  of  settlement  and  penetration.  In  piling  with  a  fairly 
heavy  infection  from  Port  Costa,  we  find  on  measuring  the  volume 
of  the  excavation  by  the  alcohol  displacement  method  that  four 
samples  gave  the  following  result: 


Total  volume, 
ccm. 

Volume  of 

excavations, 

ccm. 

Per  cent 
excavated 

1 

135 

67 

49.4 

2 

118 

44 

37.3 

3 

107 

39 

36.4. 

4 ...: 

90 

53 

59.8 

The  average  per  cent  excavated  in  these  samples  was  45.5  per  cent. 
In  densely  attacked  timber,  the  percentage  of  excavation  will  run 
somewhat  higher  than  these  figures. 
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Rate  of  Orowtb 

The  rate  of  destruction  by  the  burrows  of  Teredo  navctlis  is  a 
function  of  so  many  variables  that  any  determination  of  the  rate  is 
valid  only  for  the  particular  combination  of  variables  at  the  point 
of  determination.  These  variables  are  the  density  of  the  attack, 
the  food  supply  in  the  plankton,  temperature,  salinity,  current  and 
depth,  season  of  the  year,  and  a  host  of  minor  conditions. 

It  will  suffice  for  our  purposes  to  cite  several  instances  from 
•  timbers  of  experimental  planting.  Rough  and  dressed  timbers  of 
Oregon  fir  six  by  eight  inches  were  planted  in  18  feet  of  water  in 
the  Port  Costa  wharf  on  April  2nd  and  May  5th,  1920,  by  Mr.  Mattes 
of  the  Southern  Pacific  Company,  and  were  found  on  August  4th  to 
be  lightly  infected  (in  salinities  averaging  about  20  parts  per  1000). 
On  August  16th,  the  infection  was  heavy,  averaging  130  per  square 
inch,  the  pits  having  a  diameter  of  0.008  inch  and  were  only  deep 
enough  to  accommodate  the  minute  shell  of  the  young  borer  (pi.  26, 
fig.  3).  On  August  26th,  the  opening  had  increased  to  0.01  inch  and 
its  depth  to  three  thirty-seconds,  while  its  diameter  below  the  surface 
increased  abruptly  to  one-sixteenth  inch.  The  salinity  during  this 
period  had  reached  25  parts  per  1000. 

On  September  15th,  another  examination  was  made  in  salinities 
of  28  parts  per  1000.  The  orifices  of  the  burrows  had  enlarged  to 
0.013  inch,  and  growth  had  been  very  rapid.  A  few  of  the  larger 
borers  had  attained  a  length  of  1.3  to  1.8  inches  but  the  great 
majority  were  only  0.40  to  0.65  inch.  The  settlement  of  larvae  and 
the  growth  of  the  borers  continued  rapidly,  especially  near  the  mud- 
line  into  October,  when  larval  settlement  slowed  up.  On  Septem- 
ber 25th,  the  penetration  was  1.5  inches  in  the  highest  salinity  of 
the  year,  29  parts  per  1000. 

On  December  8th,  these  timbers  were  examined,  and  also  some 
others  planted  July  1st.  All  were  found  to  be  heavily  infected  and 
several  broke  of  their  own  weight  at  or  near  the  level  of  the  mud- 
line  when  lifted  upon  the  wharf.  Sections  of  timber  No.  4,  planted 
July  1st  (pis.  21  and  27)  show  that  at  the  mud-line  the  6  by  8  inch 
timber  had  been  completely  riddled  by  Teredo,  This  timber  had  been 
examined  on  August  4th  and  showed  no  infection  at  that  time.  In 
four  months  or  at  the  most  126  days,  this  timber  was  destroyed  at 
the  mud-line.  A  similar  attack  on  a  12-inch  pile  would  penetrate 
three-fourths  of  its  cross-section  and  reduce,  its  efficiency  below  the 
danger  line.  Substantially  corroborative  results  were  obtained  on 
experimental  timbers  exposed  by  Mr.  O.  K.  Smith  on  the  wharf  of 
the  Mountain  Copper  Company  at  Martinez,  three  and  one-half  miles 
above  Port  Costa,  except  that  the  rate  of  penetration  was  somewhat 
less  rapid. 
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At  Crockett,  Mr.  Brown  found  that  a  pile  driven  in  the  latter  part 
of  January,  1D20,  and  pulled  three  and  one-half  months  later  in 
May,  had  a  penetration  of  two  inches  (pi.  25,  fig.  2).  This  undoubt- 
edly resulted  from  the  spring  set  of  larvae  upon  the  opening  of  the 
breeding  season.  He  reports  that  in  redwood  salt  water  tanks  on  the 
ninth  floor  of  the  refinery  at  Crockett  in  July-September,  1920,  Teredo 
penetrated  the  redwood  lumber  two  inches  in  eight  weeks. 


Distrlbutioii 

Teredo  navcdis  has  long  been  known  from  European  coastal  waters. 
It  attacked  the  dikes  of  Holland  in  1730-1732,  1770,  1827,  1858-1859 
during  periods  of  reduced  rainfall  when  unusually  high  salinities 
invaded  the  Zuyder  Zee  and  the  coastal  waters  of  Holland.  It  is 
reported  by  Caiman  (1919)  as  causing  damage  in  the  estuary  of  the 
Thames  and  on  the  east  coast  of  Great  Britain  and  by  Bedeke  (1912) 
as  extensively  distributed  in  piling  in  Dutch  harbors. 

In  so  ifar  as  records  and  literature  are  available  no  evidence  exists 
to  show  that  Teredo  fKwdlis  has  ever  heretofore  been  found  on  the 
Pacific  Coast,  at  least  on  the  California  coast.  Dr.  W.  H.  Dall,  the 
veteran  conchologist  of  the  United  States  National  Museum  and  a 
life-time  student  of  the  MoUusca  of  this  coast  writes  me  that  it  is 
unknown  from  the  Pacific  Coast.  The  species  reported  by  A.  L. 
Barrows  (1917)  from  Mare  Island  on  the  identification  of  Dr.  Bartsch 
as  Teredo  diegensia  is  undoubtedly  the  same  one  at  work  there  at 
present,  namely  Teredo  navcUis. 

The  pallets  of  the  species  prevalent  in  San  Francisco  Bay  are 
identical  in  structure  with  those  of  the  species  figured  by  Caiman  (1919) 
of  the  British  Museum  and  by  Bedeke  (1912)  of  the  Royal  Institution 
for  the  Investigation  of  the  Sea  in  Holland  as  Teredo  navaXis,  These 
two  men  are  the  only  recent  European  investigators  of  this  species. 
We  conclude,  therefore,  that  the  devastating  species  of  San  Francisco 
Bay  is  the  same  one  which  has  created  havoc  for  centuries  past  in 
European  waters.  Moreover,  the  conditions  under  which  it  became  so 
destructive  were  similar  in  those  waters  and  in  our  own,  namely, 
reduced  rainfall,  invasion  of  waters  of  higher  salinity  into  areas  pre- 
viously less  saline  and  the  rapid  multiplication  of  the  borer  with 
resulting  destruction  of  great  quantities  of  exposed  marine  structures. 

The  name  "shipworm*'  as  applied  to  Teredo  iwwalis  is  somewhat 
of  a  misnomer,  for  another  species,  Teredo  megotara,  is  found  in  wooden 
vessels  in  Dutch  waters,  while  T.  navalis  occurs  more  especially  in 
piling  and  is  more  properly  called  the  '*pile  worm.''* 

We  have  been  unable  to  determine  when  and  by  what  route 
Teredo  navalis  reached  our  shores.  The  pile-worm  present  in  San 
Francisco  Bay  during  the  investigation  by  Engineer  Armstrong  of 


*  The  name  "pile  worm"  is  often  misapplied  locally  to  a  reddish,  segmented 
annelid  worm  (NereU)  which  lives  in  crevices  and  abandoned  burrows  of  Teredo 
in  piling. 
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the  United  States  Forest  Service  and  myself  in  1910-1911,  was  solely 
Xyloirya  setacea.  Specimens  of  the  piling  destroyed  by  them  at  that 
time  show  no  traces  of  attack  by  Teredo  tuhmUis  or  T,  diegensis.  If 
T.  navalis  was  present  during  that  investigation  it  entirely  escaped 
detection.  It  seems  probable  either  that  it  was  present  in  such  small 
numbers  and  restricted  distribution  that  it  was  of  no  industrial  con- 
sequence, or  that  it  is  a  newcomer  to  our  shores.  In  support  of  the 
latter  ^conclusion  is  the  fact  that  it  has  never  heretofore  been  found 
by  all  the  shell  collectors  who  hUve  scoured  our  shores  for  more  than 
half  a  century.  The  biological  survey  of  San  Francisco  Bay  in  1912- 
1913  by  the  United  States  Bureau  of  Fisheries  and  by  the  University 
of  California  did  not  bring  it  to  light. 

It  was  first  found,  as  reported  by  Barrows  (1917),  in  January, 
1914,  by  the  naval  authorities  at  Mare  Island  in  th«  outermost  end 
of  the  long  dike,  especially  on  the  eastern  or  upstream  face,  and  in 
the  exposed  brace  piling  of  the  dike  where  it  had  eaten  the  brace 
piling  half  way  through  and  penetrated  the  sheet  piling  for  an  inch. 
This  damage  followed  two  low  water  years  of  1912  and  1913  and  was 
evidently  the  result  in  part  of  the  summer  infection  of  1913.  It 
was  also  brought  to  light  at  a  wharf  a  mile  above  Vallejo  Junction 
in  the  spring  of  1914  when  a  steamer  rammed  the  wharf  and  it 
was  found  that  the  broken  piling  had  been  damaged  at  the  mud-line 
by  'teredo.''  It  is  probable  that  this  damage  in  1914  was  due  to 
Xyloirya  rather  than  Teredo,  We  have  been  unable  to  locate  any 
material  to  confirm  the  identification  as  Teredo, 

A  repetition  of  the  damage  by  Teredo  was  found  in  January,  1917, 
on  the  outermost  dike  at  Mare  Island  after  three  years  of  higher 
water.  The  penetration  was  about  three  inches  at  a  maximum  and 
the  damage  was  not  so  serious  as  in  1913-1914.  In  January,  1917, 
borers  were  also  found  by  Engineer  A.  A.  Brown  in  the  piling  of  the 
California-Hawaiian  Sugar  Refinery  at  Crockett.  They  were  rela- 
tively few  in  numbers,  were  mainly  near  the  mud-line,  and  had  a 
maximum  penetration  of  about  four  inches.  This  refinery  stands  close 
to  deep  water  and  the  current  of  the  channel  at  the  narrow  part  of 
Carquinez  Straits  in  a  location  particularly  favorable  for  the  settling 
of  the  larvae  and  the  rapid  growth  of  the  borers. 

Fortunately  Mr.  Brown  is  able  to  supply  evidence  that  the  borers* 
attack  at  Crockett  in  1917  was  by  Xyloirya  and  not  Teredo,  He 
reports  that  they  worked  exclusively  in  the  deeper  waters  above  the 
mud-line,  that  they  had  large  burrows  and  the  jointed  pallets  char- 
acteristic of  Xyloirya,  These  boreys  were  found  also  in  1918  at 
Crockett  and  it  was  not  until  1919  that  the  smaller  tubes  of  Teredo 
working  in  shallow  water  as  well  as  the  deeper  water  were  detected. 
The  attack  was  relatively  light  in  1919  but  came  on  in  full  force  in 
1920.     Xylotrya  still  persisted   (pi.  25,  fig.  1)   at  Crockett  in  small 
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numbers  during  the  Teredo  outbrefftk  and  there  are  burrows  in  photo- 
graphs of  Mare  Island  piles  full  of  Teredo  which  look  like  those  of 
Xylotrya  (pi.  23,  fig.  1). 

It  is  quite  possible  that  the  Xylotrya  infection  at  Crockett  came 
with  a  raft  of  3500  green  piling  rafted  down  the  coast  in  1915  to  the 
pile  boom  at  Islais  Creek  and  thence  to  Crockett,  where  they  were 
driven  in  the  period  from  January  to  June,  1917.  Some  burrows  were 
detected  at  that  time  in  these  piles  when  cut  off  in  connection  with 
the  driving. 

In  December,  1919,  it  was  found  that  in  the  piling  of  the  Southern 
Pacific  slips  at  Port  Coeta  and  Benicia  Teredo  had  penetrated  the  piling 
two  to  three  inches  and  in  some  instances  had  almost  completely 
eaten  the  pile  through  at  the  mud-line.  A  pile  pulled  at  Vallejo 
Junction  in  June,  1919,  and  sawn  in  two-foot  sections  did  not  contain 
Teredo,  nor  was  it  found  in  surface  sampling  at  low  tide  on  Southern 
Pacific  structures  in  the  upper  bay  in  June,  with  surface  salinities  of 
3.3  parts  per  1000,  but  was  detected  in  great  numbers  on  October  15, 
1919,  in  surface  and  bottom  salinities  of  22  parts  per  1000,  at  Vallejo 
Junction  when  a  steamer  broke  off  some  piling,  and  shortly  thereafter 
at  Port  Costa  and  Benicia,  in  surface  salinities  of  12.1  and  bottom 
of  17.6  parts  per  1000,  in  pulled  piling.  In  March,  1920,  they  were 
actively  at  work  in  the  wharf  of  the  Mountain  Copper  Company  at 
Martinez  where  they  had  penetrated  the  piling  for  one-half  an  inch. 
The  flood  waters  of  April-May  exterminated  the  borers  and  mussels 
at  this  wharf  by  June  1,  as  shown  by  the  examinations  of  Mr.  O.  E. 
Smith.  By  the  autumn  of  1920  they  spread  up  stream  until  they  had 
reached  Antioch  on  the  San  Joaquin,  25  miles  above  Carquinez  Straits 
and  50  miles  from  the  Golden  Gate,  and  up  the  sloughs  of  the  Delta 
to  Dutton.  Reports  that  they  had  reached  Bio  Vista  have  not  been 
verified  by  actual  specimens. 

This^rogressive  invasion  was  the  direct  result  of  the  continued 
shortage  in  the  annual  rainfall  and  run-off  during  these  years,  which 
permitted  the  settling  of  the  larval  stages  on  unprotected  piling  dur- 
ing the  breeding  season  of  midsummer  and  the  survival  of  the  borers 
in  the  wood  during  the  brief  season  of  the  spring  freshets  of  these 
years.  In  the  upper  bay  from  Pinole  through  Oleum,  Mare  Island, 
Vallejo,  Crockett,  Port  Costa,  Benicia,  Martinez,  to  Mococo  and  Avon, 
the  destruction  of  piling  by  this  Teredo  in  the  summer  of  1920  reached 
a  climax  which  left  little  or  no  untreated  piling  undamaged  and  not  a 
little  of  it  wholly  destroyed  by  penetration  to  the  center  or  near  it, 
at  the  mud-line.  See  plates  2  and  24  illustrating  the  work  of  the 
Teredo  in  the  wharf  of  the  Shell  Oil  Company  at  Martinez.  Above 
Mococo  the  attack  was  very  widespread  but  owing  either  to  the 
brevity  of  the  attack  or  to  the  adverse  conditions  of  less  salinity,  the 
penetration  was  not  so  deep  and  the  growth  of  the  borer  less  rapid 
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80  that  the  destruction  did  not  attain  there  the  level  of  a  eommercial 
catastrophe. 

In  the  mean  time  the  invasion  had  spread  elsewhere  to  unpro- 
tected structures,  such  as  those  above  Black  Point  on  Petaluma  Creek, 
to  the  wharves  at  Bichmond,  and  to  the  unprotected  piling  of  the 
dolphins  of  the  Alameda  Mole,  to  some  points  in  the  Oakland  Estuary, 
to  the  Bay  Farm  Island  Bridge,  and  to  the  Dumbarton  Cut-Oflf  at  the 
southern  end  of  the  bay.  It  was  also  found  during  our  survey  at 
South  San  Francisco,  in  the  Bay  View  sewer  outlet,  and  at  the  sewer 
outlet  at  Himter's  Point,  in  new  piling  in  the  boom  at  Islais  Creek, 
and  sparingly  at  Pier  7  on  the  San  Francisco  waterfront  in  treated  piling 
which  had  been  opened  up  by  the  attack  of  LvmrioricL,  From  the  dis- 
tribution thus  shown  it  is  to  be  inferred  that  all  unprotected  piling 
in  San  Francisco  Bay  may  be  expected  to  show  upon  examination  an 
attack  by  this  borer. 


Belation  of  Salinity  to  the  Occurrence,  Diatrlbution,  and  Persistence 
of  Teredo  navalis 

The  factor  of  salinity  is  one  of  fundamental  importance  in  the 
distribution  of  Teredo  navalis.  The  records  of  its  occurrence  else- 
where, notably  of  its  recurrence  in  the  dykes  of  Holland  at  intervals 
since  1730  at  times  when  subnormal  rainfall  and  run-off  increase  the 
salinity  in  the  coastal  waters,  all  combine  to  indicate  that  this  species 
is  one  especially  adapted  to  the  invasion  of  new  territory  under  just 
such  conditions  as  have  prevailed  since  1912  in  our  own  locality. 

It  is  clearly  a  species  surviving  a  wide  range  of  varying  salinities 
and  thus  capable  of  appropriating  promptly  tidal  areas  which  the 
sea  is  tending  to  invade  whenever  decline  in  run-off  extends  the 
marine  faunistic  area. 

As  a  result  of  his  investigation  of  the  Teredo  outbreak  in  1914— 
1917,  Barrows  (1917)  concluded  that  '*It  seems  probable,  therefore, 
that  Teredo  diegensis  [our  T,  navalisif  once  established,  can  with- 
stand for  several  weeks  or  perhaps  months  a  reduction  of  salinity 
to  about  10  parts  per  1000,  though  perhaps  thriving  sufficiently  to 
cause  marked  damage  only  in  a  region  where  the  salinity  of  the  water, 
except  for  a  short  period,  must  average  at  least  13  or  14  parts  per 
1000.*'  It  has  thus  far  survived  the  drop  in  salinity  at  Crockett 
in  December,  1920,  to  less  than  10  parts  per  1000  though  now  extermin- 
ated at  Mococo,  Martinez  and  Port  Costa  (pi.  36).  On  January  14  a 
pile  examined  at  Crockett  had  a  number  of  the  larger  Teredo  in  the 
center  of  the  pile  still  in  normal  condition,  but  the  smaller  ones  in 
the  outer  part  had  been  killed  off. 

It  is  unfortunate  that  we  have  no  series  of  annual  seasonal  records 
at  any  station  in  the  area  of  the  outbreak  of  Teredo  covering  the  yeara 
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prior  to  1920  for  the  purpose  of  determining  the  lowest  limit  of 
salinity  at  which  Teredo  entered  the  new  territory  or  the  salinity  and 
period  of  exposure  thereto,  by  which  it  may  have  been  exterminated 
temporarily. 

We  have,  however,  a  check  in  that  we  can  relate  the  second-foot 
discharge  of  Table  I  (Hydrographic  Section)  for  flood  years  of  normal 
discharge,  and  the  low  water  years  of  1911-1912,  1912-1913,  and 
1918-1920  to  our  salinity  records  of  1920  (pi.  36).  We  find,  for 
example,  that  salinities  in  April-May,  1920,  at  Vallejo  Junction  at 
flood  tide  averaged  close  to  7.5  parts  per  1000.  This  is  close  to  the  sup- 
I)osed  toleration  level  of  salinity  for  Teredo  navaliA  It  corresponds  to  a 
summation  discharge  in  these  months  of  29,820  and  24,218  second-feet. 
In  a  normal  year,  the  six  months  from  January  to  June  inclusive  prac- 
tically exceed  these  amounts  of  discharge  and  the  contiguous  month 
of  December  runs  high  (17,300)  so  that  for  at  least  seven  continuous 
months  of  the  normal  year.  Teredo  would  have  unfavorable  conditions 
above  San  Pablo  Bay.  This  period  of  time  is  presumably  long  enough  to 
exterminate  the  hardiest  Teredo  completely.*  The  remaining  five  months 
of  the  normal  year  have  a  discharge  of  less  than  12,000  second-feet. 
This  is  a  continuous  period  and  coincides  with  the  breeding  season 
of  Teredo,  at  least  from  July  to  October.  In  June,  1920,  the  dis- 
charge was  10,984  second-feet  and  the  salinity  at  South  Vallejo 
averaged  about  12  parts  per  1000.  ^  This  was  a  favorable  season  for 
the  settlement  and  growth  of  Teredo  navcUis.  In  1920,  we  found  experi- 
mentally that  this  is  sufficient  length  of  time  to  permit  at  least  three 
inches  penetration  of  piling  provided  there  is  a  supply  of  larvae  for 
settlement.  It  therefore  appears  that  in  normal  years  the  period 
of  low  discharge  is  accompanied  by  a  salinity  at  Carquinez  Straits 
quite  within  the  limits  of  toleration  of  Teredo,  from  July  to  Novem- 
ber inclusive,  and  that  given  a  source  of  infection  Teredo  may  be 
expected  to  return  in  the  future  even  in  normal  years  and  to  be 
capable  of  doing  considerable  damage  above  Carquinez  Straits  before 
the  winter  floods  can  suppress  its  activity  and  ultimately  exterminate 
it.  In  1919  and  1920,  it  survived  in  this  territory  or  at  least  returned 
to  it  with  destructive  force  after  5  and  3  months  respectively  of 
discharge  in  excess  of  12,000  second-feet,  or  salinities  below  12  parts 
per  1000,  and  of  four  and  two  months  in  excess  of  20,000  second-feet, 
or  salinities  approximately  below  7.5  parts  per  1000.  We  may  infer 
from  these  data  that  it  is  probable  that  Teredo  will  return  to  the 
Upper  Bay  in  the  summers  of  normal  years  with  destructive  force 
and  that  the  degree  of  destruction  will  be  determined  by  the  extent 
of  the  supply  of  larval  stages,  which  in  turn  is  dependent  upon  the 
amount  of  infected  piling  in  the  region  tributary  to  the  tidal  currents. 

We  also  have  another  check  on  the  situation  in  the  very -complete 
and  valuable  records  of  the  California-Hawaiian  Sugar  Refinery  at 
Crockett  kindly  furnished  by  Construction  Engineer  A.  A.  Brown.    These 

♦  A  few  Teredo  at  Crockett  hare  lived  through  the  winter  of  1920-1921  in 
water  frequently  below  1  part  per  1000.     (Note  added  August,  1921.) 
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data  constitute  a  record  of  the  activities  of  the  water  barges  bringing 
fresh  water  down  stream  for  the  refinery.  The  records  show  from 
January,  1908,  to  July,  1920,  inclusive,  the  distance  traveled  _£rojm4^ 


f 


B  only  two  brief  intervals  when  the  salinity  fell  below  7.5 

1000  (as  measured  by  12  miles  per  trip).    These  intervals 

(8.9  miles)   and  June  (7.2)  in  1912,  and  April  (9.9),  May 
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(7.2)  and  June  (10.5)  in  1913.  It  is  well  within  the  range  of  prob- 
ability that  the  larger  Teredos  could  survive  these  periods  especially 
in  view  of  the  fact  that  depression  in  salinity  (miles  per  trip)  in. 
these  periods  was  relatively  slight.  However,  in  1914,  1915,  and  1916, 
there  were  periods  of  6,  4,  and  6  months  respectively  in  which  the 
salinity  (miles  per  trip)  was  very  much  depressed.  It  is  practically 
certain  that  Teredo  could  not  have  survived  above  Garquinez  Strait 
during  the  interval  represented  by  any  one  of  these  periods.  Any 
summer  infection  in  piling  above  this  point  would  be  relatively  light 
because  of  the  then  absence  of  large  breeding  grounds  down  stream 
(except  possibly  in  the  outermost  part  of  the  Mare  Island  dike)  and 
the  floods  of  the  succeeding  winter  would  probably  wipe  it  out.  It 
thus  seems  highly  probable  that  during  the  interval  from  January, 
1914,  to  July,  1916,  the  up-stream  invasion  of  Teredo  navdlis  was  held 
in  check  by  hydrographic  conditions  as  represented  by  the  amount  and 
duration  of  the  run-off. 

With  the  beginning  of  July,  1916,  through  February,  1917,  there 
was  a  period  of  salinities  in  excess  of  10  parts  per  1000  (above  12 
miles  per  trip)  at  Crockett  during  which  borers  could  settle  and 
thrive.  This  coincides  with  the  first  finding  of  Xylotrya  in  piling  at 
Crockett  by  Mr.  Brown,  who  discovered  a  few  with  burrows  four 
inches  in  length.  Penetration  to  this  depth  by  Teredo  was  accom- 
plished in  experimental  timbers  at  Port  Costa  in  1920  between  July  Ist 
and  December  8th. 

With  the  return  of  low  water  and  higher  salinities  in  July,  1917, 
there  follows  a  period  extending  to  October,  1920,  within  which  the 
salinities  (distance  travelled)  ran  high  continuously  except  for  March- 
May,  1919,  and  February-May,  1920,  with  a  record  of  11.1  miles  for 
February  of  that  year,  so  that  in  reality  there  were  only  three 
months  in  each  of  those  years  in  which  the  salinity  was  below  7.5  parts 
per  1000  (12  miles  distance)  and  in  neither  year  did  it  reach  the 
very  low  levels  of  ordinary  flood  season  in  these  intervals.  It  is  there- 
for highly  probable  that  the  conditions  approached  closely  toleration 
levels  and  in  the  lower  part  of  the  invaded  territory  that  many 
Teredo  survived  these  conditions.  Construction  Engineer  A.  A.  Brown  of 
the  California-Hawaiian  Sugar  Refinery  reports  Xylotrya  living  in 
their  piling  throughout  these  periods.  Teredo  appearing  with  certainty 
in  1919. 

During  the  remaining  29  of  the  35  months  in  the  period  from 
July,  1917,  to  November,  1920,  the  salinities  were  in  excess  of  7.5 
parts  per  1000  (12  miles  per  trip)  and  in  25  of  the  35  it  was  in  excess 
of  12  parts  per  1000  (17.5  miles  per  trip).  Ideal  conditions  were 
therefore  prevalent  in  the  Upper  Bay  for  the  multiplication,  settling 
and  growth  of  the  molluscatf  borers  from  July,  1917,  to  November, 
1920,  with  the  exception  of  two  intervals  of  three  months  each  within 
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which  these  borers  had  at  least  a  fighting  chance  to  tide  over  the 
conditions  of  lowered  salinity. 

One  other  conclusion  bearing  upon  the  grounds  for  and  source  of 
the  extraordinary  outbreak  of  1917-1920  results  from  our  survey  of 
the  distribution  of  Teredo  rKwalis  in  San  Francisco  Bay  and  the 
chronology   of   the   outbreak. 

It  was  evident  that  the  outbreak  of  1912-1913  at  Mare  Island 
was  a  new  one.  There  were  no  records  of  borers  at  that  place  prior 
to  that  date.  There  has  been  no  record  of  Teredo  navalis  on  the 
Pacific  Coast  prior  to  that  date.  It  was  an  extensive  infection  spread- 
ing over  6000  feet  of  the  outer  end  of  the  long  dike  at  Mare  Island 
especially  on  the  outer  face  next  to  the  current^  the  brace  piling  being 
half  eaten  through.  •Renewed  activity  was  again  noted  in  the  spring 
of  1916  and  winter  of  191&-17,  and  in  1919  they  were  first  detected 
at  the  sugar  refinery  at  Crockett. 

These  facts  should  be  considered  along  with  the  results  of  our 
survey  of  the  rest  of  the  Bay  Region.  Teredo  navdlis  now  occurs 
throughout  most  of  San  Francisco  Bay  from  Richmond  as  far  south 
as  Dumbarton  Cut -Off.  Though  it  was  not  found  at  all  points, 
especially  when  freshly  pulled  piles  were  not  available,  it  was  never- 
theless so  widely  distributed  that  it  is  to  be  expected  today  in  unpro- 
tected timber  exposed  anywhere  in  the  bay.  It  was  a  very  striking 
feature  that  this  infection  by  Teredo  wherever  found  south  of  Black 
Point  and  Pinole  was  relatively  light  as  compared  with  the  extra- 
ordinarily heavynnfections  from  Mare  Island  to  Avon  in  the  Upper 
Bay.  This  relative  scarcity  of  Teredo  in  the  lower  bay  leads  us  to 
conclude  that  either  Teredo  does  not  thrive  in  the  higher  salinities 
of  that  region  or  that  the  territory  is  not  yet  fully  seeded.  In  either 
case,  the  conditions  support  the  inference  that  the  Teredo  of  the  lower 
bay  is  not  and  has  not  beeii  the  source  for  the  heavy  seeding  of  the 
Pinole  to  Avon  section  of  the  Upper  Bay.    There  are  too  few  of  them. 

On  the  other  hand,  the  heavy  initial  infection  in  1912-1913  in  the 
6000  feet  of  piling  of  the  Mare  Island  dike  was  a  source  of  infection 
to  all  parts  of  the  bay  washed  by  the  tidal  currents  passing  that 
structure.  The  recurrence  of  the  destructive  activity  of  the  borers 
in  1916  suggests  that  the  infection  lingered  there  or  in  that  neighbor- 
hood and  that  this  extensive  structure  of  unprotected  piling  alongside 
the  main  tidal  current  has  been  and  still  is  the  principal  source  from 
whioh  the  adjacent  territory  and  possibly  the  whole  bay  has  been 
seeded. 

The  Crustacean  Borers 

In  addition  to  the  three  species  of  molluscan  borers  attacking 
marine  structures  there  are  three  others  belonging  to  the  Crustacea 
of  general  distribution,  namely  Limnoria,  Sphaeronuif  and  Chelura, 
The  first  two  belong  to  the  sub-order  Isopoda,  which  are  Crustacea 
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with  dorso-ventrally  flattened  bodies  living  in  the  sea,  in  fresh  water 
and  on  land  in  moist  localities.  This  sub-order  includes  the  wood  lice, 
pill-bugs,  and  sow-bugs  of  our  gardens  and  wood-piles. 

The  third  Crustacean  borer,  Chelwra,  belongs  to  the  sub-order 
Amphipodaf  with  laterally  compressed  body,  'this  sub-order  includes 
the  sand  hoppers,  sand  fleas,  and  numerous  small  crustaceans  found 
in  the  margins  of  reservoirs,  on  beaches  and  in  the  littoral  marine 
fauna. 

Limnoria  and  Sphaeroma  only  have  been  found  as  yet  in  San 
Francisco  Bay.  These  borers  owe  their  efficiency  as  destroyers  of 
wood  to  their  powerful  biting  jaws  by  which  they  cut  their  way  into 
the  hardest  of  wood.  They  both  belong  to  types  of  crustaceans 
adapted  to  life  in  the  zone  of  extreme  environmental  conditions,  be- 
tween tides  where  moisture,  light,  salinity,  temperature,  food  supply, 
and  stability  of  the  substrate  are  subject  to  rapid  and  extreme  change. 
They  are  therefore  of  hardy  stock  inured  to  withstaiiding  hard  knocks 
and  awaiting  the  return  of  favorable  conditions. 

They  have  both  adapted  their  mode  of  life  to  these  extremes  by 
digging  into  wood  for  shelter  and  have  thus  come  to  be  enemies  of 
man 's  marine  structures  and,  in  the  case  of  Limnoria,  to  have  acquired 
a  wide  distribution  throughout  the  harbors  of  the  world. 


Limnoria  lignomm  (Rathke) 

The  Gribble 

Plates  31  to  34 

Anatomical  Structure 

The  body  of  this  borer  is  small,  the  largest  individuals  attaining 
a  length  of  a  quarter  of  an  inch  and  one-third  as  wide,  it  is  elongate 
slipper-shaped,  flattened  dorso-ventrally  and  has  rounded  ends.  The 
head  is  not  constricted  from  the  trunk  by  a  neck  and  the  thorax  is 
not  differentiated  from  the  abdomen.  The  head  is  bluntly  rounded 
and  the  tail  or  last  segment  of  the  abdomen  is  a  subcircular  structure 
which  can  be  tilted  up  as  a  thorny  door  to  dose  the  burrow  against 
intruders.    The  body  can  be  rolled  up  into  a  ball  as  in  Sphaeroma, 

There  are  two  pairs  of  antennae  and  seven  pairs  of  ambulatory 
legs.  On  the  under  side  of  the  head  there  are  four  pairs  of  mouth 
parts,  a  pair  of  stout  biting  mandibles,  two  pairs  of  maxillae,  one 
with  a  toothed  end,  and  a  pair  of  maxillipeds,  all  adapted  to  assist  in 
the  tearing  up  of  the  wood. 

Life  History 

On  the  under  side  of  the  body  between  the  legs  the  female  has  a 
brood  pouch  in  which  the  eggs  are  carried  during  their  development. 
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These  eggs  are  large,  nearly  one-fourth  the  width  of  the  body  in 
diameter,  and  when  the  young  are  hatched  oUt  they  are  ready  at 
once  to  begin  the  burrowing  process  near  the  parent.  There  is  no 
free-swimming  larval  stage,  no  period  of  forced  migrations,  and  little 
risk  of  destruction.  Few  young  are  produced  and  these  are  ready 
at  once  to  dig  in  for  themselves.  For  this  reason,  the  spread  of 
Limnoria  is  like  the  growth  of  a  lichen  or  the  spread  of  the  mange 
or  itch.  The  colony  grows  at  the  periphery  (pi.  33,  fig.  1)  and 
burrows  constantly  deeper  into  the  wood. 

We  have  no  precise  data  as  to  their  breeding  seasons  and  length 
of  life.  Young  and  eggs  are  found  throughout  the  year,  though  it  is 
probable  that  reproduction  is  more  rapid  during  the  warmer  season. 
The  two  sexes  are  much  alike  in  appearance  and  differ  only  in  slight 
anatomical  details.  We  have  found  about  the  same  number  of  males 
and  females.  A  single  square  inch  of  infected  Douglas  fir  from 
Tiburon  heavily  •  attacked  by  Limnoria  was  found  to  contain'  79 
females,  33  of  them  with  eggs  attached,  82  males,  and  221  young  in 
various  stages,  a  total  of  382  individuals. 

It  is  probable  that  the  breaking  away  of  fragments  of  infected 
wood,  the  wash  of  tidal  waters  and  the  occasional  wanderings  of 
individuals  provide  for  the  spread  of  infection  by  this  borer  from 
timber  to  timber  in  marine  structures,  and  that  the  movement  of 
infected  driftwood  and  shipping  suffices  to  account  for  its  world-wide 
distribution. 


Distribution 

Limnoria  is  found  on  both  the  Atlantic  and  Pacific  shores  of  the 
United  States,  north  to  Bering  Island,  and  has  been  reported  on 
European  coasts  from  the  Adriatic  to  Norway.  It  is  common  along 
the  California  Coast  in  piling  on  the  ocean  front.  In  San  Francisco 
Bay  it  is  very  destructive  in  the  Golden  Gate,  on  the  Oakland  and 
San  Francisco  water  fronts,  at  Dumbarton  Cut-Off  and  at  Sausalito, 
Tiburon  and  Bichmond.  It  was  not  found  north  of  San  Quentin 
and  San  Pablo  Point  and  took  no  part  in  the  invasion  of  the  Upper 
Bay  with  Teredo.  It  is  thus  abundant  where  salinity  is  not  much 
reduced  by  fresh  water.  It  is  possible  that  its  slow  method  of  dis- 
tribution prevented  its  entering  the  Upper  Bay  and  that  in  time  it 
would  enter  that  region  in  the  salinities  present  during  the  past  year. 
Limnoria  seems  to  thrive  in  sewage-laden  waters.  It  was  found  at 
Hunter's  Point  and  Islais  Creek  at  the  mouths  of  sewers  and  at 
Pier  7  on  the  San  Francisco  waterfront,  where  it  was  particularly 
destructive  of  creosoted  piling  near  the  mouth  of  a  large  sewer.  It 
was  also  doing  heavy  damage  in  Oakland  Estuary  where  the  water 
is  polluted  by  sewage  and  industrial  wastes. 
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Destruction  of  PUlng 

Limnoria  destroys  piling  by  gnawing  its  interlacing  branching 
burrows  into  the  surface  of  the  wood.  We  have  found  from  200  to 
240  burrows  per  square  inch  in  heavily  attacked  timber.  These  bur- 
rows are  from  0.050  to  0.025  inch  in  diameter  and  follow  the  softer 
zones  of  spring  growth  between  the  more  resinous  harder  zones  of 
the  annual  rings.  Piling  infested  by  Limnoria  thus  has  an  outer  scurf 
of  one-eighth  to  three-sixteenths,  rarely  three-quarters  inch  of  per- 
forated somewhat  laminated  wood  which  is  readily  broken  or  falls 
away  as  the  attack  proceeds. '  In  square  timbers  the  attack  progresses 
rapidly  between  the  harder  zones  of  the  annual  rings  on  radial  sec- 
tions, leaving  these  resinous  strips  as  projecting  ribs. 

Limnoria  works  at  all  levels  in  harbor  waters  from  near  the  mud- 
line  to  the  uppermost  tidal  level  with  great  facility.  It  whittles  away 
piles  until  they  are  reduced  to  axial  skeletons  with  the  harder,  more 
resinous  knots  projecting  therefrom.  It  is,  however,  most  active 
between  tide  levels,  cutting  off  piling  below  mean  tide  level  or  reducing 
them  to  an  hour-glass  shape  there  more  rapidly  than  it  erodes  at  lower 
levels.  Limnoria  works  up  nearly  to  the  highest  tide  level.  At 
Pier  7,  it  was  found  in  corbels  on  the  top  of  piles  which  ,were  only 
partially  submerged  at  high  tide,  and  had  found  its  way  from  the 
untreated  corbel  down  into  the  creosote-free  heart  wood  of  a  treated 
pile  (pi.  9). 

This  borer  is  particularly  insidious  in  its  attacks  upon  creosoted 
piling  because  of  its  habit  of  creeping  into  small  crevices.  If  cracks 
open  through  the  saturated  zone  of  a  creosoted  pile  or  if  bolt  or  dog 
holes  or  peavey  holes  or  other  breaks  in  the  continuity  of  this  pro- 
tection occur,  Limnoria  is  sure  to  find  its  way  into  the  retreat  thus 
offered  and  to  begin  its  destructive  work.  It  will  reduce  such  a  pile 
to  a  mere  shell.  It  is  sometimes  found  in  such  piles  actually  at  work 
in  the  creosoted  zone  itself.  Whether  it  does  this  because  it  slowly 
becomes  acclimatized  to  the  repellant  substance  or  because  of  defec- 
tive creosoting,  low  grade  oil,  or  progressive  leaching  out  of  the  toxic 
elements  of  the  oil,  is  unknown.  It  is  possible  experimentally  to 
acclimatize  animals  to  live  in  toxic  solutions  by  gradually  increasing 
the  dose,  until  they  will  thrive  in  solutions  originally  deadly  to  the 
species.  Limnoria  working  near  the  creosoted  zone  might  be  thus 
acclimatized  to  the  creosote.  Since  Limmyria  may  gnaw  away  the 
wood  without  eating  it,  it  is  also  possible  that  it  might  for  this 
reason  be  able  to  extend  its  destructive  action  into  toxic  territory  for 
some  distance.  Ordinarily  its  digestive  tract  is  found  to  be  filled 
with  the  fragments  of  wood  which  seem  to  serve  as  its  food. 

.  The  proportion  of  the  wood  removed  by  Limnoria  in  its  burrows  is 
somewhat  less  than  that  removed  by  Teredo,    Teredo-eaten  piling  has 
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a  firmer  consistency  because  of  the  thicker  partitions  between  the 
burrows.  jLimnoria-eaten  wood  is  more  friable  or  spongy  because  of 
the  numerous  small  burrows  and  the  more  or  less  elastic  resin  zones 
left  somewhat  intact  by  these  borers. 

A  test  by  the  displacement  method  in  alcohol  of  the  amount  of 
excavation  in  a.  piece  of  Douglas  fir  squared  timber  eaten  by  Limnoria 
from  Tiburon  gave  the  following  results: 


Per  cent 
excavated 

31.4 
38.1 
40.0 
50.0 
54.5 


The  average  of  the  five  was  42.8  per  cent.  The  considerable  num- 
ber of  borprs  remaining  in  the  burrows  somewhat  reduces  the  apparent 
volume  of  the  excavation.  The  probability  is  that  it  is  often  in  excess 
of  40  per  cent. 

The  rate  of  destruction  of  marine  structures  by  Limnoria  varies 
with  many  factors,  among  them  the  harbor  conditions  as  modified  by 
sewage  and  industrial  wastes.  Its  ravages  are  severe  on  the  ocean 
front  on  the  California  Coast  and  in  the  Golden  Gate.  Its  destructive 
action  is  more  variable  in  different  localities  in  San  Francisco  Bay. 
It  attacked  creosoted  piling  in  the  Dumbarton  Cut-Off,  causing  locally, 
presumably  at  points  of  damage  to  the  creosoted  zone,  serious  damage 
in  twelve  years.  It  destroys  eight-inch  untreated  piling  (in  conjunc- 
tion with  Xylotrya)  on  the  Golden  Gate  waterfront  in  eight  months 
and  untreated  fender  piling  in  the  Oakland  wharves  in  six  months 
to  two  years. 

The  brace  piling  of  the  Oakland  Municipal  Wharf  on  the  Estuary 
is  differentially  attacked  with  reference  to  the  outlet  of  the  Grove 
Street  sewer.  Above  this  sewer  the  attack  is  severe,  while  below  it 
the  piling  is  not  seriously  troubled  by  borers.  The  refuse  of  the 
gas  works  adjacent  to  the  sewer  with  its  toxic  qualities  may  be  the 
potent  influence  in  causing  the  difference.  Above  the  sewer,  the 
12  to  15  inch  untreated  brace  piling  of  Oregon  ti  lasts  from  six 
months  to  two  years.  Accidents  and  damages  near  the  mud-line  by 
Xylotrya  (pi.  14)  combine  with  Limnoria  to  shorten  the  life  of  these 
piles,  but  Limnoria  is  an  effective  agent  in  the  rapid  reduction  in 
diameter  of  the  piles. 
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Sphaeroma  pentodon  Richardson 

The  Pill  Bug  Borer 

Plate  35 
Anatomical  Structure 
This  crustacean  borer  ^s  a  larger,  stouter  form  than  liimnorxat 
but  with  the  same  general  structure.  The  body  is  broadly  ellipsoidal 
in  outline  seen  from  above  with  rounded  ends.  It  is  one-half  inch  long 
and  one-quarter  inch  wide  and  rolls  up  into  a  ball  about  a  quarter  of  an 
inch  in  diameter  when  disturbed.  Its  color  is  dark  olive  to  slightly 
reddish  brown.  It  is  often  mottled  or  blotched  with  lighter  dull 
yellowish  areas  on  the  middle  of  the  back.  The  eyes  are  prominent 
and  lateral  in  position.  The  surface  of  the  body  is  minute  and  finely 
granular.  The  posterior  segment  is  evenly  rounded  in  outline  and 
bears  on  its  median  surface  two  subparallel  rows  of  four  tubercles 
each,  and  there  is  a  prominent  transverse  elevation  across  its  posterior 
border.  The  outer  mobile  branch  of  the  last  pair  of  appendages  of 
the  abdomen  bears  five  posteriorly  projecting  teeth  which  serve  the 
useful  purpose  of  laying  hold  of  the  sides  of  the  burrow  and  pushing 
or  holding  the  head  and  gnawing  mouth  parts  firmly  against  the 
bottom  of  the  burrow,  and  also  of  summarily  ejecting  any  intruder 
into  the  burrow  who  ventures  within  reach  of  this  end  of  its  occupant. 

Life  History 

Nothing  is  known  of  the  development  or  breeding  habits  of  this 
species  beyond  the  fact  that  the  ova  are  carried  on  the  abdomen  of 
the  mot*her  for  a  time  and  that  the  young  ones  are  found  in  late  sum- 
mer and  fall  in  the  burrows  with  the  adults. 

Sphaeroma  is  very  often  found  in  crevices  or  other  sheltering 
nooks  outside  of  its  burrows  and  is  evidently  something  of  a  forager. 
It  does  not  appear  to  depend  upon  the  wood  eroded  from  its  burrow 
for  food,  for  its  stomach  contents  are  made  up  of  the  minute  vege- 
table and  other  growths  which  cover  the  surface  of  the  piling.  We 
have  found  fragments  of  wood  in  the  intestine,  not  in  quantity  suf- 
ficient to  indicate  that  it  habitually  feeds  on  the  wood.  This  obser- 
vation is  correlated  with  the  fact  that  the  burrows  are  often  shallow 
and  may  offer  no  evidence  of  recent  burrowing  activity  on  the  part 
of  its  occupant,  and  that  it  often  burrows  in  the  mud. 

Burrows 

The  excavations  made  by  Sphaeroma  pentodon  in  marine  structures 
are  very  characteristic  in  size,  distribution  and  location.  They  have 
circular  openings  up  to  nearly  one-half  inch- in  diameter,  enter  the 
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wood  horizontally  or  turn  more  or  less  abruptly  and  run  with  the 
grain  in  the  softer  layers  of  the  wood.  They  do  not  exhibit  the 
expansion  characteristic  of  the  moUuscan  burrows. 

Sphaeroma  works  mainly  between  high  and  low  tide,  though  found 
at  all  levels  on  piling.  Its  workings  are  obscured  (pi.  11,  fig.  2) 
in  deeper  water  by  the  more  intense  activities  of  Li/mnoria  and  the 
growth  of  other  marine  organisms.  Between  tide  levels  it  gives  to 
the  piling  a  pitted  appearance  with  its  large,  open,  dark-colored  bur- 
rows. Its  work  is  erratic  in  that  often  only  certain  piles  are  subject 
to  its  attacks  while  neighboring  ones  may  be  untouched. 

It  sometimes  runs  channels  on  the  surface  of  wood,  especially  in 
the  more  deeply  submerged  piling. 

Barrows  (1919)  has  found  this  species  burrowing  into  tuff  and 
friable  sandstone  at  Bodeo  on  San  Pablo  Bay,  where  they  excavate 
burrows  ranging  from  2  millimeters  long  and  6  millimeters  deep 
occupied  by  young  individuals,  up  to  burrows  9  millimeters  in  diam- 
eter and  35  millimeters  deep.  They  also  excavate  holes  with  great 
enterprise  in  chalk  when  placed  in  aquaria  under  observation. 

They  are  hardy  ubiquitous  creatures  finding  a  home  and  ''digging 
in*'  into  a  great  variety  of  substrates,  such  as  soft  mud,  wood,  or 
even  rock  itself.  They  dig  for  shelter  rather  than  food  and  except  in 
a  few  restricted  localities  are  industrially  of  less  consequence  than 
any  of  the  other  borers  we  have  discussed. 


Distribation 

Sphaeroma  pentodon  has  a  wide  range  of  distribution  in  our  locality. 
It  has  been  found  at  Sausalito,  Tiburon,  Black  Point,  the  Mare  Island 
dikes,  in  Napa  Creek,  along  Carquinez  Strait  and  upstream  to  Antioch 
in  water  of  low  salinity.  It  also  occurs  along  the  western  water  front 
and  Oakland  Estuary  and  in  the  southern  part  of  the  bay  to  South 
San  Francisco  and  the  Dumbarton  Cut-Off.  It  is  known  to  occur 
northward  to  Alaska. 

Its  close  relative,  Sphaeroma  destrucftor  Bichardson,  is  known  to 
attack  piles  in  fresh  water  in  St.  John's  Biver,  Florida,  where  in 
eight  years  it  reduced  piles  from  16  to  7%  inches  in  diameter. 

There  is  a  closely  related  isopod  crustacean,  Exosphaeroma  Oregon- 
ensis  (Dana)  found  in  the  same  localities  with  Sphaeroma  pentodon 
even  in  its  burrows,  which  is  readily  mistaken  for  Sphaeroma,  It 
differs  from  the  wood-boring  crustacean  in  the  absence  of  the  row  of 
five  teeth  on  the  outer  branch  of  the  last  pair  of  abdominal  legs.  The 
wide  spread  occurrence  of  Exosphaeroma  in  crevices  and  channels  on 
pilings  lays  this  species  also  open  to  suspicion  as  a  wood  borer  but, 
as  yet,  the  evidence  that  it  is  a  pest  of  industrial  significance  is 
inadequate  to  settle  the  matter  finally. 
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Chelura  terebrans  Phil. 

The  Feathered  Crustacean  Borer 
PL  35,  figs.  1-4 

The  body  is  not  as  much  laterally  compressed  as  in  most  Amphipoda 
and  is  more  nearly  subcylindrical  so  that  it  is  adapted  to  the  burrows 
it  makes  in  the  wood.  The  body  at  the  segmental  joints,  the  antennae 
and  the  legs  are  heavily  feathered  throughout  by  long  hairs. 

Chelura  can  be  at  once  distinguished  by  the  presence  of  a  stout, 
curved,  pointed  spine  projecting  from  the  third  abdominal  segment  at 
the  posterior  end  of  the  body  on  the  dorsal  side.  The  terminal  seg- 
ments of  the  last  pair  of  abdominal  legs  are  highly  modified  as  two 
long,  stout,  smooth,  club-shaped  structures  nearly  half  as  long  as  the 
body  which  project  posteriorly  and  serve  to  block  the  burrow  to 
intruders,  in  the  male. 

Chelura  works  with  Limnoria  in  marine  structures  and  excavates 
burrows  in  much  the  same  fashion.  It  may  easily  be  overlooked  in 
such  circumstances. 

Distribution 

Chelura  has  not  been  found  by  us  in  the  survey  of  San  Francisco  • 
Bay  nor  in  piling  from  Monterey,  8anta  Barbara,  or  Gaviota.     We 
have  not  been  able  to  find  any  record  of  its  occurrence  in  the  Pacific 
Ocean. 

It  is  known  as  a  wood  destroyer  in  European  waters  from  Norway 
to  the  Black  Sea,  and  on  the  Atlantic  Coast  of  North  America.  The 
Panama  Canal  and  the  increase  in  round-the-world  and  interoceanic 
shipping  increase  the  probability  of  its  appearance  on  the  Pacific 
Coast. 


BIOLOGICAL  INDICATORS  OF  TEBEDO 

The  crustacean  borers  work  upon  th^urface  of  submerged  wood 
and  leave  an  open  record  of  their  destructive  activities  in  the 
erosion  caused  by  their  burrows.  Limnoria  and  Chelura  erode  so 
rapidly  that  few  other  forms  of  marine  life  can  obtain,  or  long  retain 
a  foothold  on  the  wood  in  which  these  borers  are  working. 

In  the  case  of  the  molluscan  borers,  the  case  is  different.  They 
enter  the  wood  as  minute  larvae  and  leave  only  a  pinhole  to  mark 
the  places.  There  is  nothing  to  indicate  to  the  casual  observer  either 
their  presence  or  the  degree  of  destruction  which  they  have  accom- 
plished. The  closest  inspection  with  the  hand  lens  is  generally 
necessary  to  reveal  the  minute  openings  into  the  wood. 

There  are,  however,  certain  forms  of  marine  life,  easily  identified 
and  quickly  recognized,  and  of  very  cosmopolitan  distribution  in  most 
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of  the  harbors  of  the  world  which  may  be  used  as  indicators  of  suit- 
able conditions  for  the  occurrence  of  the  marine  borers,  especially  of 
Teredo  navalis,  in  territory  recently  invaded  by  waters  of  higher 
salinity  as  in  Oarquinez  Straits. 

Our  survey  of  the  Sacramento  River  to  Sacramento  brought  out 
the  fact  that  certain  forms  of  marine  life  had  gone  up  the  river  as 
far  even  as  Walnut  Grove,  and  that  these  same  forms  were  luxuriantly 
thriving  on  piling  attacked  in  Oarquinez  Straits  as  salt  water  had 
.  invaded  that  territory.  They  serve,  therefore,  as  -indicators  to  the 
uninitiated  that  the  sea  with  its  fauna  is  invading  new  territory. 
These  marine  organisms  are  the  barnacles  (pi.  20)  and  the  hydroids 
(pi.  32).  The  former  are  well-known  crustaceans  encased  in  an  armor 
of  shelly  plates  which  cover  piling,  rocks,  ships'  bottoms,  and  any 
available  substrate  with  hosts  of  more  or  less  close-set,  whitish, 
angular  bodies  ranging  up  to  a  hazel-nut  in  size.  The  hydroids  are 
moss-like  plant-animals  which  form  a  grayish  or  brownish  mass  or 
when  dead,  hair-like  growth  over  piling.  Many  small  crustaceans 
will  be  found  creeping  about  among  the  hydroids. 

As  a  result  of  our  survey  we  conclude  that  the  barnacles  and 
hydroids  precede  Teredo  in  the  invading  marine  fauna.  They  there- 
fore indicate  the  possibility  of  the  invasion  of  this  borer  but  not 
the  certainty  that  it  has  arrived. 

There  is  fortunately  another  marine  animal  of  cosmopolitan  dis- 
tribution, the  European  edible  mussel,  MytUus  edtUiSf  whose  somewhat 
angular  black  shell  is  attached  to  rocks,  piling  and  any  stable  or 
floating  substrate.  The  young  of  this  moUusk  settle  down  from  mid- 
summer to  autumn  and  during  that  time,  and  later,  serve  as  a  reason- 
ably certain  indicator  that  the  conditions  at  the  locality  where  they 
occur  in  the  matter  of  food  and  salinity  are  entirely  suitable  for  the 
attachment  and  growth  of  the  related  mollusk,  Teredo  navalia.  The 
occurrence  therefore  of  young  mussels  on  marine  piling  is  a  danger 
sign  for  the  engineer  to  look  out  for  Teredo, 

Teredo  ruwaliSf  barnacles  and  mussels  m^^de  their  appearance  in  the 
wharf  of  the  Mountain  Copper  Company  at  Martinez,  in  the  winter  of 
1920.  Mussels  and  Teredo  became  fewer  in  number  shoreward,  both 
disappearing  300  feet  from  shore,  by  reason  of  decrease  in  salinity 
and  presence  of  tailings.  Both  were  exterminated  by  the  flood  waters' 
of  April-May,  1920. 


BEOOMMENDATIONS 

There  is  one  outstanding  feature  of  the  present  outbreak  of 
marine  borers  in  San  Francisco  Bay  and  of  this  survey  which  affects 
State  and  Federal  supervision  of  navigable  waters  and  of  shipping 
and   engineering   practice   in   the    construction   and   maintenance    of 
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marine  structures,  such  as  wharves,  moles  and  piers.  It  is  this, 
namely,  that  within  the  area  infested  by  marine  borers  all  unprotected 
woodwork  is  a  potential  breeding  ground  for  harboring  these  pests, 
increasing  their  numbers,  and  sending  forth  either  their  migrating 
larvae  as  in  Teredo  navalis  and  T,  diegensis,  their  millions  of  ova  as 
in  Xylotrya,  or  their  straggling  young  as  in  Limnoria  and  Sphaeroma, 
In  every  case  an  infected  bit  of  wood  is  a  contagion  spot.  The  degree 
to  which  this  is  true  was  illustrated  by  the  fact  that  in  examining 
the  sewer  outlet  at  Pinole  we  ran  across  some  short  sticks  of  river 
driftwood  lodged  in  the  rushes  between  tide  levels,  bits  not  over 
a  foot  in  length  and  1%  inches  in  diameter.  Examination  proved  that 
even  these  stray  bits  of  wrack  were  crowded  to  the  limit  with  Teredo 
navalis.  How  much  more  then  is  the  great  Mare  Island  dike  with  its 
thousands  of  piles  shot  full  of  Teredo,  a  source  of  contagion  for  every 
commercial  structure  in  the  bay.  It  is  washed  every  day  by  the  tidal 
current  which  mingles  with  the  waters  of  Suisun  Bay  and  the  Golden 
Gate,  as  the  more  than  one-third  of  a  cubic  mile  of  water  passes  in 
and  out  of  the  Gate  with  each  mean  tide.  A  single  infected  pile  in 
25  feet  of  water  and  its  100  square  feet  of  surface  affords  shelter  for 
upwards  of  150,000  Teredos  and  each  of  these  is  capable  of  producing 
more  than  2,000,000  larvae  per  year.  Each  pile,  barring  the  death  rate 
of  larvae,  thus  produces  enough  young  to  seed  2,000,000  other  piles. 

It  is  good  engineering  practice  for  the  conservation  of  investments 
for  each  engineer  to  reduce  in  his  own  structure  as  far  as  feasible 
all  untreated  timber  and  to  encourage  the  State  and  Federal  authori- 
ties by  cooperation  or  legislation,  if  necessary,  to  restrict  wherever 
feasible  the  use  of  untreated  or  unprotected  timber  in  harbors  and  the 
careless  turning  loose  into  our  harbors  of  the  flotsam  and  jetsam  of  tim- 
bers, piling,  lumber,  boxes,  and  miscellaneous  rubbish  which  litter  the 
shores  of  our  bay,  mar  their  beauty,  and  become  constant  sources  of 
contagion  to  all  new  timber  exposed  in  its  waters.  If  the  engineering 
profession,  which  has  a  large  part  in  the  establishment  of  the  stand- 
ards of  practice  in  marine  work  should  set  about  to  do  this  it  would 
soon  become  so  illegal  and  unethical  to  continue  present  practices 
of  an  almost  entire  absence  of  marine  ''policing  up,"  as  it  is  now 
to  dump  our  garbage  in  the  public  street.  I  suggest,  therefore,  that 
this  body  refer  to  their  committee  on  resolutions  for  consideration  and 
recommendation  the  following  matters:  (1)  the  policy  of  restricting 
uncontrolled  use  of  untreated  or  unprotected  timbers  in  marine  struc- 
tures, (2)  the  policy  of  the  removal  by  State  or  Federal  sanction  of  old 
unused  infected  marine  structures,  and  (3)  the  policy  of  the  prevention 
of  the  use  of  harbors  as  a  dumping  ground  for  waste  wood. 

A  second  recommendation  results  from  the  fact  that  the  infection 
of  timbers  by  borers  may  be  a  matter  of  the  attraction  of  the  larvae 
to  the  wood  by  its  extractives,  and  the  effectiveness  of  protective 
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measures  rest  in  part  upon  the  repellant  action  of  certain  extractives 
of  creosote  or  other  medium  employed.  To  the  end  of  perfecting^ 
means  of  protection,  it  is  desirable  therefore  that  the  chemist,  wood 
preserver,  and  biologist  combine  in  an  investigation  to  establish  by 
experiment  a  method  of  treatment  which  shall  be  effectively  repellant 
for  as  long  a  period  as  possible  to  the  larvae  of  the  marine  borers. 
The  third  recommendation  comes  as  the  result  of  our  observation 
and  experience  in  dealing  with  this  outbreak  of  Teredo  in  San  Fran- 
cisco Bay.  As  we  have  shown,  it  is  highly  probable  that  the  bay  is 
now  thoroughly  seeded  with  Teredo  and  that  even  in  normal  years 
there  is  a  possibility  of  its  invading  the  territory  above  Carquinez 
Straits  with  sufficient  effect  to  cause  some  damage,  and  that  its  poten- 
tialities are  not  as  yet  tested  in  the  lower  bay.  Therefore,  in  this 
locality,  it  is  desirable  as  a  precautionary  measure,  that  any  engineer 
in  charge  of  marine  structures  carrying  the  Teredo  hazard  should  take 
steps  to  keep  himself  informed  as  to  the  prevalence  of  Teredo  and 
other  borers  in  the  neighborhood  by  a  system  of  untreated  test  timbers 
planted  at  points  of  greatest  exposure  for  the  purpose  of  determining 
the  settlement  of  borers  throughout  the  year  and  the  rate  of  progress 
of  their  work.  We  have  accordingly  proposed  in  Appendix  C  a 
system  of  planting  of  timbers,  one  each  month,  whereby  the  inspector 
can  determine  at  any  time  the  nature  and  intensity  of  the  settlement 
of  new  borers  and  the  rate  of  their  destructive  action  for  the  year 
past,  when  once  the  system  is  in  full  operation. 
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ENGINEERING  PHASE 

8UBVEY  DATA  ON  PILE  PBOTEOTION  MATERIALS,  METHODS, 
AND  THEIB  EFFECTIVENESS  IN  SAN  FRANCISCO  BAY 

By  G.  M.  HtJNT  and  C.  L.  Hill 

To  the  engineer  responsible  for  the  design,  construction  and  main- 
tenance of  structures  in  sea  water,  accurate  information  on  the  rela- 
tive cost  and  the  permanence  of  various  kinds  of  piling  and  pile  pro- 
tections is  of  the  greatest  importance. 

The  lack  of  such  information  prevents  a  close  estimate  of  the 
probable  annual  cost  of  structures  on  piling  of  different  kinds  and  is 
bound  to  result  many  times  in  the  adoption  of  uneconomical  materials 
or  methods.  There  is  no  way  to  estimate  accurately  the  money  value 
of  information  of  this  kind,  but  when  the  amount  of  damage  done  by 
marine  borers  in  recent  years  is  considered,  or  even  the  annual  ex- 
penditures in  normal  years  for  new  construction  and  repairs,  it  is 
obvious  that  information  resulting  in  but  very  slight  improvement 
would  permit  savings  of  very  considerable  sums  of  money.  A  file  of 
data  available  to  the  public  giving  detailed  information  on  the  cost 
and  effectiveness  of  all  the  major  installations  of  piles  and  pile  pro- 
tections in  San  Francisco  Bay  during  the  last  ten  years  would  now  be 
worth  thousands  of  dollars,  and  would  be  paying  big  returns  on  the 
investment  that  would  have  been  required  to  build  it  up.  It  is  of 
little  value  to  know  the  present  condition  of  a  group  of  piling  without 
knowing  how  long  it  has  been  in  service. 

Tour  Committee  has  fully  recognized  that  its  main  purpose  should 
be  to  collect  data  and  information  of  this  kind,  and  without  neglecting 
other  features  of  the  survey,  which  are  of  peculiar  importance  in  this 
locality,  it  has  paid  special  attention  to  securing  engineering  data  on 
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'  pile  protection.  This  task  has  been  a  difficult  one,  because  in  so  many 
cases  accurate  and  authentic  records  of  the  materials  used,  the  dates 
of  installation  or  the  subsequent  repairs  in  a  structure  are  not  avail- 
able. In  several  cases,  records  which  would  be  of  considerable  value 
to  the  Committee  were  destroyed  in  the  fire  of  1906.  The  lack  of 
records  can  sometimes  be  met  in  part  by  information  from  the  engi- 
neers who  built  the  structure,  but  it  frequently  happens  that  these 
engineers  cannot  now  be  located.  In  some  cases  the  information  might 
be  obtained  by  searching  through  old  records.  This  has  been  done 
by  the  committee  members  to  as  great  an  extent  as  time  and  per- 
sonnel permitted,  and  valuable  data  has  thus  been  secured.  Theire 
still  remains  a  mass  of  data  hidden  in  the  files  of  various  offices  which 
would  be  available  to  the  committee  if  time  could  be  taken  to  dig  it 
out. 

In  the  early  part  of  the  study  the  Committee  spent  considerable 
time  in  securing  general  information  about  the  conditions  existing 
in  various  parts  of  the  bay,  the  types  of  construction  in  use,  with 
their  advantages  and  disadvantages,  studying  the  marine  borers  and 
their  distribution,  locating  sources  of  information,  and  in  general, 
orienting  itself  for  the  second  phase  of  the  study.  This  consisted 
in  securing  in  as  great  detail  as  possible  information  concerning 
specific  installations  of  piling  and  pile  protections.  It  required  search- 
ing through  old  records  for  original  data,  and  in  many  cases  following 
this  by  inspections  to  learn  the  present  condition  of  the  piling.  These 
inspections  could  not  always  be  made  in  as  thorough  a  manner  as 
desired.  The  appearance  of  piling  from  a  boat  at  low  water  does  not 
always  give  its  true  condition,  as  serious  damage  may  exist  below 
the  water  line  without  being  apparent.  Whenever  possible  therefore 
arrangements  were  made  to  have  piling  pulled.  In  some  cases  the 
results  of  inspections  by  divers  were  obtained. 

In  the  following  pages  are  given  descriptions  of  the  important 
methods  of  protection  which  have  been  used  to  any  extent  in  this 
region,  and  such  data  as  the  Committee  has  been  able  to  secure  con- 
cerning their  cost  and  effectiveness.  At  best  this  data  is  all  too 
meagre  and  it  is  strongly  urged  that  the  work  of  securing  additional 
data  be  actively  continued  next  year. 


DUBABIUTT  OF  UNTBEATED  PIUNa 

The  value  of  any  method  of  protecting  piling  or  of  any  substitute 
for  wooden  piling  depends  upon  the  life  which  can  be  obtained  from 
the  protection  in  question  as  compared  with  that  of  untreated,  unpro- 
tected wooden  piling.  In  a  region  as  large  as  San  Francisco  Bay  and 
its  tributaries,  where  the  water  conditions  vary  from  the  freshness 
of  river  water  to  ocean  salinity,  and  from  the  extreme  contamination 
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by  sewage  and  factory  wastes  from  great  cities  to  the  relative  purity 
of  ocean  water,  it  is  to  be  expected  that  great  differences  will  bo 
found  in  the  durability  of  untreated  piling  in  various  locations.  In 
the  biological  part  of  this  report,  other  factors  are  discussed  which 
influence  the  distribution  of  the  several  borers,  and  the  severity  of 
their  attack. 

The  principal  piling  timber  of  San  Francisco  Bay  is  Douglas  fir 
(Oregon  pine)  brought  down  from  Oregon  and  Washington.  It  has 
been  used  for  many  years  almost  to  the  total  exclusion  of  other  species, 
whose  use  has  been  almost  entirely  experimental.  In  table  1  is 
given  the  most  important  of  the  data  the  Committee  has  been  able 
to  obtain  on  the  durability  against  marine  borer  attack  of  untreated 
fir  piling,  together  with  the  available  data  on  full  sized  piling  and 
experimental  sections  of  other  species.  Redwood  and  blue  gum 
(EuocUyptus  globulta),  although  frequently  asserted  to  be  immune  to 
borer  attack,  appear  but  little  if  any  better  than  other  common 
species. 

EXTERNA!.  PBOTECTIONS 

The  need  for  protecting  piling  against  marine  borers  has  aroused 
the  interest  and  the  inventive  genius  not  only  of  those  directly  con- 
cerned with  the  building  and  maintenance  of  piling  structures,  but 
of  a  multitude  of  others.  Numerous  devices,  materials  and  methods 
have  been  suggested.  Some  of  them  have  been  so  impractical  that 
their  only  value  has  been  to  demonstrate  the  ignorance  of  their 
sponsors  concerning  the  requirements  of  a  pile  protection  and  the 
results  of  past  experiments.  Some  of  them,  on  the  other  hand,  have 
considerable  merit  and  extensive  experiments  with  them  have  been 
justified. 

All  the  suggested  external  protections  which  have  come  to  the 
Committee's  attention  may  be  placed  in  one  or  other  of  the  following 
classifications:  bark,  metal  sheathings,  paint  and  paint  combinations, 
concrete  jackets  and  miscellaneous  devices  or  processes. 

Bark 

It  is  known  that  the  bark  of  fir  and  hemlock  and  of  many  other 
species  is  not  as  rapidly  attacked  as  the  wood  itself  and  this  has 
naturally  resulted  in  many  attempts  to  use  piling  with  the  bark  on. 
Since  bark  adheres  to  the  wood  more  firmly  in  the  winter  than  in  the 
spring  it  is  common  to  require  that  such  piles  be  winter  cut.  At  best, 
however,  the  bark  is  in  danger  of  being  knocked  off  in  patches  during 
the  hazardous  course  of  the  pile  from  the  stump  to  its  place  in  the 
structure.  Unless  all  such  piles  are  scrupulously  rejected,  this  exposes 
the  wood  in  spots  and  permits  immediate  attack  at  those  points. 
Borers  working  in  these  patches  soon  enlarge  them  by  burrowing 
under  the   surrounding   bark.     The   softening   action   of   the   water. 
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eoupled  with  the  abrasive  action  of  drift  wood  and  waves  tear  off 
additional  bark  and  soon  the  pile  is  in  a  practically  unprotected  con- 
dition. Furthermore  the  borers  are  not  entirely  repelled  by  the  bark. 
A  few  specimens  of  bark  were  secured  from  a  pile  at  the  Standard 
Oil  Co.  dock  at  Bichmond,  during  this  survey,  which  show  large  bur- 
rows of  shipworms. 

In  the  report  of  the  California  Board  of  State  Harbor  Commis- 
sioners for  1871,  at  which  time  it  was  current  practice  to  use  un- 
treated piles  with  the  bark  on,  it  is  stated  that  the  ravages  of  the 
shipworm  necessitated  the  renewal  of  the  piling  at  least  every  three 
or  four  years. 

Mr.  L.  J.  LeConte,  M.  Am.  Soc.  C.  E.,  in  1898,  when  referring  to 
the  problem  of  protecting  piling  in  San  Francisco  Bay,  is  reported  to 
have  said,  *  *  Some  ten  years  ago  the  specifications  of  the  Harbor  Com- 
mission Engineer  demanded  that  all  piles  furnished  should  have  a 
perfect  coating  of  natural  bark;  the  trees  to  be  felled  in  the  winter 
months  when  the  bark  is  more  adherent.  Now  the  teredo  pay  little 
or  no  attention  to  the  bark.  The  writer  has  seen  several  samples 
which  were  completely  riddled  with  teredo  holes." 

A  company  at  Bichmond  in  1920  reports  concerning  their  past 
experience,  ''Where  bark  is  kept  intact  this  class  of  pile  lasts  from 
four  to  five  years  in  this  locality." 

In  Forest  Service  experiments  made  at  Fort  Mason  in  San  Fran- 
cisco Bay,  and  at  San  Diego,  experimental  pile  sections  of  unbarked 
western  hemlock  showed  attack  within  six  months,  both  by  Limnoria 
and  shipworms.  The  attack  began  in  patches  where  the  bark  had  been 
broken  off  in  handling.  In  two  years  the  Lim/noria  attack  in  one 
specimen  was  1%  inches  deep^  and  some  Xylotrya  galleries  30  inches 
long  and  %  inch  in  diameter  had  developed. 

It  cannot  be  definitely  stated  that  bark  covered  piles  have  never 
given  good  results,  but  the  evidence  which  has  come  to  the  attention 
of  the  Committee  indicates  that  the  additional  life  to  be  expected  by 
leaving  the  bark  on  is  uncertain  and  not  over  one  or  two  years. 

Metal  Sheathing 

Sheathing  piling  with  copper,  yellow  metal  and  other  metals  has 
been  tried  in  various  parts  of  the  world  for  many  years.  An  ancient 
practice  to  attain  a  similar  metallic  protection  was  to  drive  large 
headed  nails  into  the  pile  so  thickly  that  the  surface  was  entirely 
covered.  Considerable  has  been  written  on  the  results  which  have 
been  obtained  with  these  protections  throughout  the  world,  but  the 
committee  has  not  been  able  to  review  this  literature  for  presentation 
in  this  report. 
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In  Ban  Francisco  Bay  copper  sheathing  has  been  used  in  several 
instances.  One  company  reports  that  copper  sheathed  piles  were 
driven  in  its  wharf  at  Richmond  in  1903  and  1904,  as  follows; 

"These  piles  were  green,  well  stripped,  all  knots  and  pro- 
jections cut  off  and  finished  to  a  smooth  surface.  From  a  point, 
when  driven,  about  two  feet  below  mud  line  to  a  point  above 
high  water,  a  heavy  saturated  felt  was  applied  and  nailed  on. 
In  turn  this  was  covered  with  16  ounce  sheet  copper  closely 
nailed  with  copper  nails.  The  work  was  neatly  done  and  had 
a  very  nice  appearance,  was  at  that  time  a  little  more  expensive 
than  creosote  and  no  doubt  was  an  excellent  protection  against 
the  teredo.  It  has  its  disadvantages  in  the  following  ways: 
the  copper  being  of  light  material,  striking  and  floating  objects 
would  tear  it,  bay  pirates  would  cut  it  off,  and  changes  in 
depth  of  water  due  to  wharf  construction  changing  tide  rips 
would  remove  silt  below  copper  covering  and  allow  teredo  to 
enter.  *  * 

Six  hundred  and  eighty  two  of  these  piles  were  driven.  About  440 
of  them  had  a  concrete  jacket  placed  around  them  in  1908,  because 
the  mud  had  washed  away  from  the  bottom,  exposing  wood  below 
the  copper.  At  present,  about  105  of  the  original  copper  sheathed 
piles  are  still  in  service  without  having  had  additional  protection, 
and  they  appear  to  be  in  good  condition. 

The  Northwestern  Pacific  Railroad  has  used  piles  sheathed  with 
copper  and  with  yellow  metal  under  its  docks  at  Tiburon  and  Sausa- 
lito.  Some  of  these  were  used  as  early  as  1884.  The  detailed  records 
concerning  these  piles  are  not  available,  but  it  is  reported  that  in  the 
main,  they  gave  long  life.  Some  trouble  due  to  the  metal  being  torn 
by  drift  or  by  thieves  is  reported,  but  there  was  no  trouble  from  scour. 

As  long  as  the  copper  remains  intact  the  pile  is  secure  from  the 
borers  and  the  above  records  show  that  on  many  of  the  piles  installed 
15  to  20  years  ago,  the  copper  is  still  giving  protection.  The  apparent 
disadvantages  are  the  danger  of  damage  in  handling  and  driving, 
and  from  driftwood  and  thieves  after  the  piling  is  in  place,  and  the 
danger  from  mud  scour  exposing  unprotected  wood.  While  the  cost 
of  copper  sheathing  per  lineal  foot  is  high,  it  is  only  necessary  to 
cover  the  pile  from  a  point  a  few  feet  below  mud  line  to  a  point  above 
high  water. 

Paint  and  Combinations  of  Paint  with  Other  Materials 

The  use  of  various  paints,  or  applications  painted  on,  to  preserve 
wooden  piling,  while  among  the  earliest  means  to  be  tried,  is  also  one 
of  the  most  persistent.  Tar  and  asphalt  have  been  the  most  often  used, 
but  they  are  shown  by  experience  to  be  of  little  if  any  value,  so 
applied,  at  least  without  special  treatment.  At  the  Mare  Island  Navy 
Yard  an  experimental  pile  which  had  never  been  in  salt  water,  and 
which  was  brush-coated  while  clean  and  dry  with  hot  asphalt,  grade 
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D,  on  July  14,  1920,  was  pulled  on  October  18  following,  and  found 
to  be  heavily  attacked  by  Teredo  to  a  depth  of  as  much  as  two  inches. 
It  was  plainly  apparent  that  the  teredos  had  almost  everywhere  gone 
through  the  asphalt  coating,  and  not  alone  through  abrasions  or  other 
accidental  openings  in  it.  On  another  pile^  where  the  action  of  the 
asphalt  itself  could  be  better  observed  by  reason  of  the  pile  being 
wrapped  with  burlap  saturated  with  the  asphalt,  the  latter  was  found 
to  have  emulsified  during  the  three  months,  in  the  outer  four  out  of 
twelve  layers. 

A  considerable  number  of  hydrocarbon  compounds  intended  for 
brush  application  are  now  being  actively  promoted,  in  which  the 
hydrocarbon  base  has  been  so  treated  chemically  that  it  remains 
viscous  and  elastic  almost  indefinitely,  and  to  it  have  been  added 
various  poisonous  constituents  to  kill  any  animal  or  vegetable  growth 
which  attempts  to  penetrate  them.  None  of  these  preparations  has 
been  given  any  real  experimental  trial  in  San  Francisco  Bay,  although 
in  experiments  elsewhere  some  of  them  are  said  to  have  resisted  ship- 
worms  over  periods  during  which  untreated  wood  beside  them  was 
destroyed.  All  these  promoters  of  surface  applications,  without  addi- 
tional mechanical  reinforcement  or  protection,  forget,  however,  the 
battering  of  vessels,  or  of  driftwood  under  storm  action,  to  the 
hazard  of  which  a  pile  in  service  is  subjected,  as  well  as  to  the  boring 
animals.  As  soon  as  any  portion  of  the  paint  protection  is  thus 
removed  a  door  is  thrown  wide  open  to  the  borers. 

A  great  variety  of  protections  have  been  suggested  and  tried  in 
San  Francisco  Bay,  which  consist  of  some  kind  of  heavy  paint  of  a 
bituminous,  asphaltic  or  similar  nature,  combined  with  burlap,  felt, 
roofing  paper,  wire  mesh,  wood  battens  or  other  material.  The  object 
of  these  combined  materials  is  to  strengthen  the  paint  coat,  and 
make  it  less  subject  to  being  broken  or  torn  off.  The  protections  of 
this  class  differ  among  themselves  as  to  the  nature  of  the  paint  used 
and  the  materials  and  methods  used  in  applying  the  reinforcement. 
The  details  and  methods  of  applying  any  one  of  them  have  also  varied 
somewhat  from  time  to  time  as  market  conditions,  opinions  of  engi- 
neers and  the  experience  gained  in  placing  the  protection,  driving 
the  piles  and  observing  their  behavior  have  indicated  that  changes 
were  desirable.  They  are  all  similar  in  principle,  however,  and  possess 
similar  advantages  and  disadvantages. 

The  Committee  understands  that  this  general  method  of  protection 
is  not  patented.  This  understanding  is  based  in  part  upon  the  follow- 
ing statement  which  was  made  a  number  of  years  ago  by  one  of  the 
interested  companies.  ''The  materials  used  by  us  are  not  patented, 
nor  is  the  method,  although  both  materials  and  methods  were  pat- 
ented. The  patent  on  the  materials  has  expired,  while  that  on  the 
method  was  declared  invalid,  hence  materials  and  method  are  open 
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to  the  world."  From  this  it  would  appear  that  aside  from  the 
patents  which  may  exist  on  certain  prepared  paints  which  may  be 
used,  this  method  of  protection  is  available  for  the  use  of  anyone. 
The  Committee  has  not  attempted  to  investigate  the  patent  situation, 
however,  and  does  not  pretend  to  speak  with  authority  on  this  subject. 

The  Keywest  Armor  process  is  reported  to  have  been  used  but  once, 
which  was  in  this  bay  in  1889  on  piles  for  the  Fremont  Street  wharf, 
San  Francisco.  The  process  consisted  of  painting  the  pile  with  bitum- 
inous matter,  wrapping  with  9  oz.  canvas,  and  fastening  the  canvas 
on  with  nails  4  inches  apart,  applying  a  coat  of  bituminous  compound 
and  finally  coating  with  coral  sand.  The  results  were  not  satisfactory, 
the  protection  lasting  only  about  three  months. 

The  Perfedion  pile,  sponsored  by  a  Mr.  H.  L.  Rood,  was  installed 
in  several  locations  on  the  San  Francisco  waterfront  in  1894.  The 
process  consisted  in  mounting  the  pile  in  a  huge  lathe  and  wrapping 
it  spirally  with  burlap,  which  was  wound  on  to  the  revolving  pile 
from  a  cauldron  of  hot  tar  or  asphalt  in  which  it  had  soaked.  To 
hold  the  burlap  in  place  a  heavy  wire  was  then  wound  around  the 
pile  in  a  reverse  spiral.  The  wire  soon  cut  through  the  burlap,  how- 
ever, which  fell  away  and  left  the  pile  exposed  to  borer  attack.  The 
process  was  finally  abandoned. 

The  '*Parafflne  Paint  Method''  has  been  in  use  to  some  extent  since 
1889.  In  1892,  1151  piles  for  the  Powell  Street  pier,  San  Francisco, 
were  coated  by  this  process,  and  there  have  been  numerous  installa- 
tions since  that  time.  The  details  of  the  treatment  of  the  Powell 
Street  piles  are  not  given,  but  in  1911  the  following  specifications 
covering  their  process  were  furnished  to  the  U.  S.  Forest  Service  by 
the  Paraffine  Paint  Company: 

"The  piles  having  been  delivered  in  some  convenient  place 
for  coating  will  first  be  barked  the  distance  they  are  to  be 
protected  and  all  knots  and  projections  on  the  above  mentioned 
part  of  the  pile  removed. 

*  *  The  barked  portion  of  the  pile  will  then  be  given  a  heavy 
coat  of  P.  &  B.  Pile  Paint,  care  being  taken  to  fill  all  checks 
and  to  cover  all  surfaces  thoroughly.  P.  &  B.  Pile  Covering 
will  then  be  closely  fitted  around  the  pile,  and  all  laps  well 
cemented  with  P.  &  B.  Paint  and  nailed  with  1^  in.  galvanized 
nails,  not  more  than  1%  in.  between  nail  centers.  Where  neces- 
sary a  double  row  of  nails  will  be  driven.  This  pile  covering 
will  then  be  given  a  heavy  coat  of  P.  &  B.  Asphalt,  into  which 
will  be  imbedded  a  close  fitting  lagging  of  redwood  battens, 
2  in.  by  1{q  in.,  nailed  on  alternate  edges  with  six  penny  gal- 
vanized wire  nails,  not  more  than  9  in.  between  nail  centers, 
ends  of  battens  to  be  double  nailed.  This  lagging  is  then  to 
be  given  a  heavy  coat  of  P.  &  B.  Asphalt^  care  being  taken  to 
fill  all  spaces  between  the  battens  and  to  give  the  finished  sur- 
face as  smooth  an  appearance  as  possible. 

**As  above  finished  the  pile  will  be  ready  for  removal  and 
driving. ' ' 
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Concerning  the  "Pile  Covering'*  the  following  information  was 
given: 

"The  material  used  by  us  is  a  heavy  jute  burlap,  weighing 
either  10  or  15  oz.  to  the  yard,  33  in.  wide,  according  to  the 
engineers  specifications — the  heavier  weight  being  that  prefer- 
ably used.  This  is  saturated  and  coated  with  a  specially  pre- 
pared asphalt  and  backed  with  saturated  felt.  The  heavy  grade 
pile  covering  weighs  about  60  pounds  to  the  100  square  feet, 
while  the  lighter  weighs  about  45  pounds  to  the  100  square 
feet.'' 

The  exact  nature  and  composition  of  the  paint  and  the  asphalt 
are,  quite  naturally,  not  given.  The  asphalt  is  understood  to  be 
applied  to  the  burlap  cold. 

During  1920,  80  piles  were  covered  by  the  Paraffine  Paint  method 
by  the  Northwestern  Pacific  Bailroad  for  use  in  the  renewal  of  trestle 
approaches  to  the  drawbridge  over  Petaluma  Creek  at  Black  Point. 
The  length  of  these  piles  ranged  from  75  to  107  feet  and  they  were 
covered  for  an  average  distance  of  32  feet,  being  the  distance  from 
a  point  above  high  water  line  to  10  feet  below  the  mud  line  when 
driven.  The  bark  was  first  removed  from  the  portion  of  the  pile  to 
be  covered,  then  a  coat  of  P.  &  B.  pile  paint  was  applied.  Over  this, 
P.  &  B.  pile  covering  was  placed  and  over  the  pile  covering  a  hot 
coat  of  *  *  Floatine ' '  (an  asphalt  base  paint) ,  then  %  in.  X  2  in.  redwood 
battens  and  finally  another  hot  coat  of  "Floatine,"  (PI.  4,  fig.  1). 
The  protection  was  applied  by  the  Northwestern  Pacific  Company  at 
a  cost  of  62  cents  per  lineal  foot  of  pile  covered.  There  was  an 
additional  cost  of  $5.93  per  pile  for  taking  the  piles  out  of  the  water 
for  treatment  and  rolling  them  back  afterwards. 

This  work  is  in  progress  during  the  preparation  of  this  report. 
A  total  of  252  piles  ranging  from  70  feet  to  107  feet  in  length  will 
be  covered  for  an  average  length  of  32  feet  on  each  pile. 

The  Chief  Engineer  of  the  Northwestern  Pacific  states  that  this 
method  of  protection  was  adopted  for  this  structure  for  the  following 
reasons:  The  estimated  cost  per  pile  was  materially  less  than  the 
estimated  cost  of  creosoted  piles;  the  old  trestle  of  untreated  piles 
had  been  in  place  at  this  point  for  33  years  and  so  far  as  ascertainable 
the  marine  borers  had  not  molested  it  prior  to  the  last  two  years,  and 
it  was  believed  that  with  the  return  of  a  normal  winter  rainfall,  the 
salinity  of  the  water  in  the  stream  would  be  sufficiently  reduced  to 
exterminate  borers.  It  was  believed  that  it  was  reasonable  to  assume 
that  conditions  existing  for  31  years  prior  to  the  last  two  years,  would 
be  restored  before  the  temporary  protection  afforded  by  this  method 
of  treatment  had  deteriorated  to  such  an  extent  as  to  permit  damage 
by  the  borers.  Prom  experience  with  piles  protected  in  the  same 
manner  and  driven  under  wharves  at  Tiburon  by  the  same  company 
about  twelve  years  before,  it  was  believed  that  this  treatment  could 
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be  counted  upon  to  protect  the  piles  for  from  five  to  eight  years. 
There  is  but  little  driftwood  or  wave  action  in  the  stream  to  cause 
abrasion.  Moreover,  because  of  the  difficulty  of  satisfactorily  bracing 
a  timber  trestle  on  account  of  the  depth  of  water  and  the  increasing 
wheel  loads,  it  was  presumed  that  this  structure  would  be  rebuilt 
with  concrete  and  steel  within  a  period  for  which  the  method  of 
treatment  adopted  might  reasonably  be  expected  to  furnish  protection 
against  the  marine  borers  in  the  event  they  should  remain  in  this 
stream  permanently. 

This  process  and  the  conditions  under  which  it  was  used  have  been 
described  at  length  because  they  are  typical  for  the  better  protections 
of  the  class  to  which  it  belongs. 

The  Cohjmbia  Paint  procesSf  as  used  by  the  San  Francisco-Oakland 
Terminal  Railways  in  1913  and  1914  was  similar  to  the  Paraffine  Paint 
method,  and  consisted  in  applying  to  the  piles  a  coat  of  the  Harbor 
Brand  Compound,  a  paint  made  by  the  Columbia  Paint  Co.,  a  coat 
of  burlap  soaked  in  the  paint,  redwood  battens  and  a  final  coat  of 
paint. 

The  Moran  process  was  used  in  1913  on  50  piles  driven  by  the  San 
Francisco-Oakland  Terminal  Railways.  These  were  treated  similarly 
to  the  above  piles  except  that  Moran  *s  Preservative  Compound,  made 
by  the  Moran  Paint  &  Oil  Co.,  was  used  and  the  burlap  was  omitted, 
a  wire  mesh  embedded  in  a  heavy  coat  of  the  compound  being  used 
to  hold  the  coating.  Battens  were  soon  added,  however,  on  account 
of  the  rubbing  of  the  piles  when  rafted.  The  battens  themselves  were 
then  protected  with  a  final  coating. 

The  Argentine  Quebracho  process.  In  1920  the  San  Francisco-Oak- 
land Terminal  Railways  coated  160  piles  with  about  20  feet  of  pro- 
tection consisting  of  a  coat  of  "Argentine  Quebracho  Commercial 
Paint,"  a  layer  of  %  in.  by  2  in.  redwood  battens  and  a  coat  of  paint 
over  the  battens.  The  second  coat  of  paint  was  sanded  to  harden  the 
surface  and  prevent  the  piles  from  sticking  together  in  the  rafts. 
The  same  process  is  also  being  used  by  the  6-Minute  Ferry  Co.  at  its 
slip  at  Crockett. 

These  examples  of  protections  of  this  kind  might  be  added  to  by 
describing  other  installations,  but  this  seems  unnecessary. 

Cost  and  value  of  paint  protections.  The  cost  of  these  protections 
is  less  than  that  of  practically  all  other  methods  of  pile  protection 
which  have  received  serious  consideration.  The  Paraffine  Paint  piles 
in  1892  are  reported  to  have  cost  36  cents  per  lineal  foot  for  the  treat- 
ment. In  1913  the  same  price  is  reported.  From  another  source  the 
information  is  obtained  that,  about  1911  labor  cost  was  about  9  cents 
per  lineal  foot,  material  20  to  24  cents  per  lineal  foot  and  about 
6  cents  was  added  for  the  contractor's  profit. 
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The  chief  advantages  of  paint  and  batten  coatings  are  their  rela- 
tive cheapness,  ease  of  application  and  the  possibility  of  limiting  the 
protection  to  the  part  of  the  pile  exposed  to  the  borers.  It  has  been 
common  practice  to  apply  the  coating  so  that  it  will  extend  from  two 
or  three  feet  below  the  mud  line  to  a  point  above  high  water.  The 
proportion  of  a  pile  which  must  be  coated  will  therefore  depend  on 
the  length  of  piling  required  to  get  a  good  bearing,  and  the  depth 
of  the  water.  In  soft  bottom  in  shallow  water  it  may  be  necessary 
to  protect  but  a  short  portion  of  the  pile.  The  cost  per  pile  may  there- 
fore be  quite  low. 

Perhaps  the  main  disadvantage  of  protections  of  this  kind  is  the 
ease  with  which  the  surface  coat  of  paint  may  be  destroyed  and  the 
battens  exposed.  Rubbing  together  in  the  raft,  careless  handling  and 
other  mishaps  during  driving,  or  battering  by  driftwood  during  storms 
after  the  piles  are  in  place  may  very  easily  scale  off  patches  of  paint, 
or  even  portions  of  the  battens  themselves  and  the  materials  beneath 
them.  Barnacles  and  mussels,  developing  in  crevices  and  raising  the 
covering  may  be  a  contributing  factor.  When  the  battens  are  thus 
uncovered,  borers  attack  in  the  bared  spots,  enlarging  the  area,  de- 
stroying the  battens  and  exposing  the  material  beneath.  Experience 
seems  to  show  that  without  the  protection  of  the  battens  the  burlap 
and  paint  coating  underneath  is  soon  destroyed.  Wire  mesh  quickly 
fails  from  corrosion  when  its  bituminous  covering  is  damaged.  It 
is  highly  important  therefore  that  piles  protected  by  such  coatings 
be  handled  and  driven  in  such  a  manner  as  to  cause  the  least  possible 
damage  to  the  surface.  No  precautions  however  can  relieve  such 
piling  from  the  danger  of  storm  battering.  It  has  also  been  found 
that  in  many  cases  failure  was  due  to  the  exposure  of  unprotected 
wood  as  a  result  of  the  rotting  and  disintegration  of  the  burlap. 
This  apparently  is  likely  to  happen  much  less  quickly  when  the  paint 
or  other  compound  is  applied  to  the  burlap  cold  than  when  it  is 
applied  hot.  In  the  latter  case  there  is  danger  of  the  burlap  being 
burned,  and  its  rotting  or  disintegration  is  hastened  by  the  degree 
to  which  its  fibres  are  thus  injured.  When  hot  asphaltic  or  bituminous 
compounds  are  applied  to  wet  piling,  as  they  often  have  been  in  some 
of  these  processes,  no  sufficient  adhesion  is  secured  and  they  are  in 
danger  of  peeling  off  as  soon  as  the  surface  is  broken  (pi.  4,  fig.  2). 

A  further  factor  affecting  the  value  of  these  coatings,  which  is 
common  to  all  external  coatings  applied  to  only  a  part  of  the  pile,  is 
the  danger  of  unprotected  wood  being  exposed  to  borer  attack  at  the 
bottom.  This  may  happen  either  by  a  miscalculation  of  the  necessary 
length  of  driving,  and  therefore  of  protection,  or  by  changing  currents 
subsequently  scouring  the  bottom  away  to  a  point  below  the  protec- 
tion. The  latter  may  easily  occur  without  being  observed  and  the 
untreated  wood  thus  exposed  be  damaged  to  a  dangerous  extent  with- 
out warning. 
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The  records  of  the  thirty  years  or  more  during  which  piling  pro- 
tected with  paint  and  batten  coatings  has  been  used  in  this  region 
should  give  considerable  information  as  to  their  effectiveness.  Accu- 
rate data  is  lacking,  however,  on  most  of  the  installations.  The 
records  which  the  Committee  has  been  able  to  obtain  are  given  in 
table  2.  It  will  be  noted  in  this  table  that  the  50  Moran  piles  were 
reported  as  in  practicallji  perfect  condition  after  five  years'  service. 
It  is  to  be  regretted  that  these  piles  were  pulled  before  their  useful 
life  was  ended,  since  it  is  not  now  possible  to  compare  them  with 
the  piles  coated  by  the  other  processes. 

If  piling  is  properly  treated  by  these  processes  and  is  not  damaged 
by  careless  handling,  and  if  its  use  is  limited  to  locations  protected 
against  serious  storm  action,  a  life  ranging  from  five  to  eight  years 
may  be  obtained.    Otherwise  such  a  life  cannot  be  expected. 


CONOBETE  PBOTECTIONS  FOB  WOODEN  PILES 
Protections  Cast  in  Place  ^ 

There  are  several  different  methods  which  are  quite  distinct  from 
each  other. 

The  stationary  form  type.  Placing  stationary  forms  around  piling 
exposed  at  low  tide  and  filling  the  forms  with  concrete  has  been  tried 
many  times,  usually  as  a  protection  for  piling  in  place  which  is  being 
attacked.  The  details  of  the  forms,  reinforcement  and  methods  vary 
considerably. 

The  culvert  pipe  method  has  been  used  at  one  place  on  San  Fran- 
cisco Bay  and  is  reported  to  have  been  used  recently  at  two  places 
on  the  Oregon  coast.  It  consists  of  slipping  a  corrugated  iron  culvert 
pipe  over  the  end  of  the  pile,  forcing  the  former  as  deeply  as  prac- 
ticable into  the  sand  or  mud  and  filling  the  space  between  the  pipe 
and  the  pile  with  concrete.  This  method  has  not  been  used  recently 
in  this  region,  and  the  Committee  has  not  learned  just  how  the  work 
was  done  on  the  Oregon  coast.  The  effectiveness  of  the  method  will 
depend  upon  the  life  of  the  iron  pipe,  the  quality  of  the  concrete 
and  the  success  in  getting  the  protection  deep  enough  into  the  bottom 
to  avoid  danger  from  a  changing  mud  line.  No  data  is  yet  available 
on  the  cost  of  this  process,  or  the  durability  of  the  pipe  and  concrete. 

Other  cylinder  forms,  as  well  as  ordinary  box  forms,  have  been 
used  in  this  type  of  process.  The  reinforcement,  if  used,  may  be  in 
the  form  of  rods,  wire  mesh  or  spikes  driven  into  the  pile,  or  it  is 
sometimes  omitted  altogether.  On  account  of  the  relative  shortness 
of  the  protection  and  the  fact  that  the  mud  is  exposed  at  low  water 
and  the  workmen  can  see  their  work,  it  should  be  possible  to  obtain 
good  concrete.     The  necessity  of  working  between  tides,  however. 
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requires  considerable  speed,  with  the  accompanying  danger  of  sacri- 
ficing quality.  Since  the  protection  is  exposed  at  low  tide,  it  is  an 
easy  matter  to  inspect  it  and  to  keep  it  in  good  repair.  This  method 
is  entirely  feasible  where  the  mud  is  exposed  at  low  tide,  but  in  deep 
water  it  is  not  practicable  because  the  forms  are  not  watertight  and 
concrete  cannot  be  successfully  formed  by  dropping  it  through  water. 

The  specific  installations  of  which  the  Committee  has  record  are 
as  follows: 

The  city  of  Alameda  in  1914  built  a  pipe  line  trestle  about  1400 
feet  long,  on  91  two-pile  bents  spaced  15  feet  apart.  The  piling  was 
green  Douglas  fir,  protected  at  first  by  a  coating  of  asphaltic  tar, 
burlap  and  redwood  battens.  Limnoria  attacks  soon  began,  so  metal 
forms  were  placed  at  low  tide,  filled  with  concrete  and  later  removed 
when  the  concrete  had  set.  The  cost  of  this  work  is  reported  to  have 
been  $4,000,  with  labor  at  $2.50  per  day.  This  amounts  to  an  average 
cost  of  about  $22  per  pile. 

In  December,  1920,  the  piles  were  examined  at  a  time  when  about 
half  of  them  were  exposed  down  to  the  mud.  On  eight  of  the  piles  the 
concrete  was  disintegrating,  on  four  of  them  exposing  untreated 
wood.  Six  other  piles  were  found  on  which  the  covering  had  not 
been  placed  high  enough,  and  Limnoria  were  working  above  it. 

In  March,  1919,  the  U.  S.  Naval  Training  Station  repaired  20 
damaged  piles  at  Yerba  3uena  Island,  16  in.  in  diameter,  by  placing 
No.  16  gauge  galvanized  iron  forms  30  in.  in  diameter  around  them 
and  filling  with  concrete.  The  concrete  was  reinforced  by  No.  10 
gauge  4  in.  wire  mesh  secured  to  the  wood  and  held  2  in.  from  it 
by  No.  40  spikes.  The  average  cost  including  labor  and  material  was 
$2.00  per  lineal  foot.  It  is  too  early  of  course  to  determine  the  effect- 
iveness of  this  installation. 

The  removable  form  type.  Methods  of  placing  concrete  in  remov- 
able forms  around  a  pile  in  place  have  been  in  use  for  several  years. 
The  one  which  has  been  used  in  the  San  Francisco  Bay  district  is 
that  employed  by  Mr.  Frank  Gamp.  Circular  wooden  forms  are  pro- 
vided, 3  feet  in  length  and  about  20%  inches  inside  diameter,  made 
of  tongued  and  grooved  wooden  pipe  staves  strengthened  with  bands 
of  angle  iron.  They  are  made  in  two  halves  and  each  half  is  hinged 
in  the  center.  The  lower  form  is  provided  with  sheet  iron  fingers 
extending  inward  and  upward  from  the  bottom,  as  shown  in  photo- 
graph. When  the  form  is  placed  around  the  pile  and  the  edges  are 
locked  together  by  the  tapered  pin  shown  in  the  left  hand  form  in 
the  illustration,  the  tips  of  these  fingers  touch  the  pile.  Over  the 
fingers,  canvas  is  fastened  as  shown.  The  other  forms  are  constructed 
in  the  same  manner  as  the  lower  form,  but  without  the  finger  arrange- 
ment (pi.  5,  fig.  1). 
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The  process  is  carried  out  by  first  placing  the  lower  form  around 
the  pile  at  a  convenient  point  above  high  water  line,  locking  the 
two  halves  together  with  the  tapered  pins  and  attaching  a  cable  to 
each  side  of  the  form  to  hold  it  up.  The  form  is  then  filled  nearly 
full  with  pea  gravel  which  is  held  in  place  by  the  tapered  fingers  and 
the  canvas.  The  second  form  is  then  placed  around  the  pile,  securely 
fastened  to  the  lower  form  by  six  bolts,  and  filled  with  concrete  made 
up  of  1  part  cement,  2  of  sand  and  3  of  pea  gravel,  mixed  soft.  Both 
forms  are  then  lowered  until  the  second  form  is  at  the  former  eleva- 
tion of  the  lower  form.  In  this  way  forms  are  added,  filled  with 
concrete  and  lowered  in  succession  until  the  bottom  is  reached.  At 
this  point,  if  necessary,  a  high  pressure  water  jet  is  used  to  allow 
the  bottom  form  to  penetrate  several  feet  into  the  mud.  The  form  is 
left  on  for  about  two  days  and  then  removed.  This  is  done  by  jerk- 
ing out  the  beveled  pins  which  are  all  fastened  to  a  chain.  This 
allows  the  form  to  open,  and  by  pulling  on  the  cables  fastened  to  the 
lower  forms,  the  two  halves  can  be  pulled  out. 

It  appears  that  the  Camp  process  is  an  outgrowth  of  a  former 
process  carried  out  on  the  same  general  principles,  but  with  the  use 
of  metal  forms.  The  earlier  process  was  used  to  some  extent  a  number 
of  years  ago  on  piles  at  Richmond  and  probably  elsewhere,  but  it  is 
reported  to  have  since  been  abandoned  by  its  promoters. 

On  Nov.  6,  in  the  presence  of  the  Committee,  Mr.  Camp  coated 
two  experimental  piles  by  his  process.  These  were  full  sized  piles, 
but  were  experimental  in  that  they  were  merely  set  in  the  mud 
instead  of  driven,  so  that  they  could  easily  be  pulled  for  examination. 
One  of  them  was  set  in  water  28  feet  deep  at  low  tide  and  the  other 
in  18  feet  of  water  at  low  tide,  both  in  strong  tidal  current.  On  the 
long  pile,  approximately  40  feet  of  concrete  was  placed,  extending  into 
the  mud  to  a  depth  of  2.8  feet.  This  was  done  in  32  minutes.  On 
the  other  the  concrete  was  approximately  28  feet  long  and  required 
21  minutes  to  place. 

On  Nov.  27,  in  the  presence  of  the  Committee,  the  long  pile  was 
pulled  for  examination  (pi.  5,  fig.  2).  The  upper  half  of  the  concrete 
was  good  except  for  a  large  laitance  hole  about  four  feet  from  the  top. 
The  lower  half  of  the  concrete  was  not  in  good  condition  and  in  some 
spots  could  be  kicked  to  pieces.  In  other  spots  there  was  a  thin 
shell  of  good  concrete  on  the  outside,  while  on  the  inside  the  material 
was  like  mud.  The  whole  lower  15  feet  of  the  casing  was  broken 
off  without  difficulty  with  a  sledge  hammer.  On  Wednesday,  Decem- 
ber 1,  the  shorter  pile  was  pulled  and  the  concrete  was  found  in 
excellent  condition. 

The  results  of  this  test  can  not  be  considered  conclusive,  since  not 
enough  piles  were  coated  to  show  what  the  average  results  would  be. 
It  appears,  however,  that  the  process  is  likely  to  be  more  successful 
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on  piles  in  shallow  water  than  on  piles  in  deep  water.  It  seems 
possible  that  the  mixture  tends  to  separate  somewhat,  as  it  slides 
down  the  pile,  and  the  greater  the  distance  it  has  to  slide  the  more 
is  the  likelihood  of  getting  a  poor  mixture.  It  is  also  possible  that 
sea  water  got  into  the  forms  to  some  extent. 

About  2600  piles  are  reported  to  have  been  protected  during  the 
last  few. months  by  this  method  at  the  dock  of  the  California  Wharf 
and  Warehouse  Co.  at  Port  Costa.  The  length  of  the  protection 
required  was  up  to  28  feet,  averaging  about  15  to  18  feet.  The  cost 
of  this  work  is  reported  to  be  about  50  cents  per  lineal  foot  for 
materials  and  $1.50  per  lineal  foot  to  the  contractor  to  cover  labor 
and  other  costs-  and  his  profit.  The  company  employs  mn  inspector 
to  examine  each  finished  coating  very  carefully,  using  a  hook  on  a 
pole  below  water  line.  Defects  found  above  water  can  be  easily 
repaired.  When  defects  are  located  below  water,  larger  forms  are 
used  and  a  new  jacket  is  cast  over  the  first  one. 

The  advantages  of  this  process  are,  (1)  the  possibility  of  repairing 
damaged  piles  in  place,  with  little  or  no  disturbance  to  the  structure 
or  interruption  of  business,  (2)  the  possibility  of  coating  piles  at  any 
stage  of  the  tide,  (3)  the  rapidity  of  the  work,  and  (4)  the  relatively 
short  portion  of  the  pile  requiring  protection.  The  latter  advantage 
is  common  to  all  the  coatings  placed  over  part  of  the  pile  only,  and 
is  in  contrast  to  the  use  of  creosoted  wood  or  cast  concrete  piles  where 
a  large  part  of  the  expensive  material  is  below  mud  line  where  pro- 
tection is  not  needed.  The  disadvantages  of  the  process  are:  (1) 
the  danger  of  getting  defective  concrete,  especially  at  the  greater 
depths.  (2)  The  danger  of  getting  the  concrete  thin  on  one  side 
and  thick  on  the  other.  This  is  especially  likely  to  happen  if  the 
pUe  is  leaning  or  crooked.  (3)  The  disturbance  of  the  mud  caused 
by  the  water  jet  or  by  removing  the  bottom  form.  This  may  leave 
wood  exposed  below  the  concrete.  It  is  a  question  whether  the  holes 
thus  formed  will  tend  to  fill  up  with  mud,  or  whether  an  eddy  will 
form  and  keep  them  scoured  out.  (4)  Mud  scour.  The  bottom  may 
scour  away  leaving  wood  exposed  below  the  concrete.  (5)  The  need 
of  having  the  work  done  by  a  thoroughly  skilled  and  responsible  crew. 

This  process  has  not  been  in  use  long  enough  to  give  data  on  its 
effectiveness.  The  former  process,  using  the  metal  forms,  gave  excel- 
lent results  on  some  piles  and  very  unsatisfactory  results  on  others 
at  the  Richmond  docks.  Accurate  data  on  the  number  of  piles  pro- 
tected, the  percentage  of  good  results  and  the  average  life  obtained 
could  not  be  secured. 

The  Holmes  Pile.  This  is  a  composite  pile,  formed  by  driving 
around  a  wooden  pile,  in  place,  a  water  tight  form  made  of  wooden 
staves.  The  form  is  driven  into  the  foundation  below  the  line  of 
possible  scour.     The  form  has  a  driving  lip  or  bell  at  the  bottom 
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and  between  this  bottom  and  the  pile  is  a  special  gasket  to  displace 
the  mud  and  water  and  prevent  their  entrance  at  that  point  after 
the  form  is  in  place.  The  mud  and  water  are  then  pumped  out, 
reinforcing  rods  are  set  and  the  space  is  filled  with  concrete.  The 
cylinder  extends  above  the  top  of  the  pile,  and  when  the  concrete 
reaches  the  latter  point  its  pouring  is  continued  up  to  the  bearing 
level  required,  so  that  the  wooden  pile  is  completely  encased  in  con- 
crete down  to  several  feet  below  mud  line  and  becomes  the  elastic 
core  of  a  composite  whole  whose  concrete  shell  and  cap  are  also  factors 
in  its  load  bearing  capacity.  As  used  by  Mr.  Howard  C.  Holmes, 
the  patentee  of  the  process,  the  forms  were  built  up  of  3 -inch  wooden 
staves  held  in  place  and  tightened  by  means  of  round  steel  hoops.  In 
some  other  cases  2-inch  staves  have  been  used.  The  diameter  of 
cylinders  used  for  the  single-pile  protection  has  generally  been  2  feet 
(pi.  6,  fig.  1). 

A  modification  of  this  type  of  pile  consisted  in  placing  the  wooden 
form,  or  in  some  cases  a  steel  one,  aroiind  three  or  more  piles  in  a 
cluster  and  filling  with  concrete  as  before.  For  this  three-pile  or 
cluster  protection  a  cylinder  diameter  of  3%  feet  or  4  feet  was  used. 
A  gasket  was  not  practicable  in  the  three-pile  construction,  and  after 
the  form  was  driven  into  the  mud  sacks  of  concrete  were  thrown  in 
it  to  seal  the  bottom. 

Pier  34  on  the  San  Francisco  waterfront  was  built  in  1910  by 
Mr.  Holmes,  on  777  cylinders  2  feet  in  diameter,  each  protecting  a 
single  untreated  pile  (pi.  6,  fig.  2).  Piers  7,  19,  21,  23,  25,  27,  42 
and  44,  containing  a  total  of  2893  cylinders,  were  built  between  the 
years  1901  and  1906,  using  three-pile  clusters  surrounded  by  concrete 
cylinders  3  ft.  6  in.  and  4  ft.  10  in.  in  diameter.  Pier  34  is  still  in 
good  condition  throughout  the  pile  protection.  Of  the  remaining  piers, 
all  the  cylinders  have  been  removed  from  piers  42  and  44,  due  to 
faulty  construction,  and  about  two-thirds  of  the  cylinders  were 
removed  from  piers  7,  19,  21,  23,  25  and  27  in  the  years  1913  and 
1914  (pi.  7,  fig.  1).  Of  the  original  cylinders  in  these  piers  about 
10  per  cent  are  in  good  condition.  The  cluster  cylinders  under  the 
pier  built  by  Mr.  Holmes  in  1901  for  the  Sprcckels  sugar  refinery  on 
the  ocean  side  of  San  Francisco  are  said  to  be  all  in  good  service 
at  the  present  time. 

The  principal  defects  which  have  caused  the  deterioration  and 
failure  of  the  cylinders  removed  were:  (1)  poor  concrete  due  to  its 
flooding  during  placing;  (2)  mud  and  sand  pockets  due  to  failure  to 
remove  these  materials  and  sufficiently  seal  the  bottom  before  con- 
creting; (3)  arching  of  the  concrete  due  to  difficulty  or  carelessness 
in  placing  or  tamping  it;  (4)  laitance  pockets  and  joints  due  to 
difficulty  or  negligence  in  cleaning  surfaces  where  concreting  was 
interrupted;   (5)  exposure  of  unprotected  wood  at  the  bottom  if  the 
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cylinder  is  not  carried  low  enough  to  provide  against  the  lowering 
of  mud  line  due  to  subsequent  dredging  or  scour.  As  used  by  Mr. 
Holmes,  however,  the  form,  and  the  concrete^  are  carried  not  merely 
below  the  mud  line  but  to  a  substantial  bearing. 

The  difficulties  of  the  original  method  are  intensified  in  the  ease 
of  the  cluster  protection,  since  it  is  impossible  to  seal  the  bottom 
with  a  gasket  such  as  is  used  with  a  single-pile  cylinder,  and  throwing 
in  sacks  of  cement  is  not  thoroughly  effective  unless  done  with  skill 
and  care;  the  increased  size  of  the  form  weakens  it,  unless  the  thick- 
ness of  the  sides  is  increased,  and  thereby  increases  the  probability 
of  leakage  through  the  sides;  and  proper  tamping  of  the  concrete 
is  much  more  difficult  than  in  the  case  of  the  single-pile  form.  The 
cluster  form  is  now  no  longer  used  by  Mr.  Holmes. 

It  is  only  fair  to  note  that  the  defects  enumerated  above  can  in 
the  great  majority  of  cases  be  traced  directly  either  to  careless  or 
ignorant  workmanship,  or  to  an  endeavor  to  reduce  the  cost  of  the 
process.  But  insofar  as  the  process  requires  for  its  success  a  degree 
of  intelligence  and  skill  which  is  difficult  to  obtain,  its  practical 
usefulness  is  lessened.  On  the  other  hand,  the  fact  that  one  complete 
pier  of  single-pile  cylinders  (pier  34)  and  at  least  10  per  cent  of  the  more 
difficult  cluster  cylinders  have  given  satisfactory  service  for  periods 
of  from  10  to  20  years  is  evidence  that  this  method  can  be  satis- 
factorily applied  under  suitable  conditions  and  with  careful  methods 
of  construction.  With  watertight  forms,  careful  cleaning  and  intel- 
ligent placing  of  properly  proportioned  concrete  the  results  obtained 
in  pier  34  may  reasonably  be  expected. 

Other  protections  of  somewhat  this  same  type  have  b^en  used.  The 
most  important  was  probably  what  was  known  as  the  Black  Patent, 
which  was  used  a  number  of  years  ago,  especially  in  piers  at  Rich- 
mond. The  enclosing  cylinder  was  of  metal  and  at  the  bottom  was  a 
diaphragm  of  overlapping  leaves,  to  exclude  water  and  mud.  No 
reinforcement  was  used  at  first,  but  later  Clinton  welded  mesh  was 
used.  The  forms  were  driven  only  a  few  feet  below  the  mud  line,  and 
the  concrete  was  not  carried  above  the  top  of  the  wooden  pile,  so 
that  it  did  not  function  to  any  extent  in  the  load  bearing  capacity 
of  the  pile.  No  complete  description  of  this  pile  or  its  installations 
has  been  secured  by  the  Committee.  Its  use  is  no  longer  being  actively 
promoted. 

Precast  Ck>ncrete  PxotectlonB 

The  Koetitz  PUe.  This  pile  is  formed  by  slipping  over  an  untreated 
wooden  pile,  in  place,  a  precast  reinforced  concrete  cylinder  and  driv- 
ing the  cylinder  into  the  mud,  then  filling  the  space  between  the 
wood  and  the  concrete  with  sand  or  grout.  When  the  wooden  pile  is 
driven  at  the  time  the  concrete  protection  is  to  be  applied,  if  the 
bottom  is  soft,  blocks  are  fastened  to  it  at  a  point  which  will  be 
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several  feet  below  mud  line.  The  concrete  cylinder  is  supposed  to  rest 
on  these  blocks.  The  concrete  being  precast  on  shore  can  be  made 
of  good  quality  and  the  quality  can  be  assured  by  inspection. 

Pier  17  at  San  Francisco  was  built  on  1050  of  these  piles  in  1912. 
The  cylinders  used  were  26  inches  in  diameter,  outside  dimensions, 
and  the  walls  were  3  inches  thick.  They  were  driven  about  8  feet 
into  the  mud  and  extend  upward  to  the  under  side  of  the  steel  deck 
beams.  The  wooden  piles  were  cut  off  at  about  mean  sea  level  and 
the  cylinders  above  the  heads  of  the  piles  were  filled  with  concrete, 
into  which  the  beams  were  anchored  by  steel  bars.  The  space  between 
the  wood  and  concrete  was  filled  with  sand  in  the  early  part  of  the 
work,  but  later  a  grout  filling  was  used. 

No  data  is  available  on  the  cost  of  this  work.  The  condition  of 
the  piles  at  the  present  time  is  excellent.  A  careful  examination  from 
a  boat  showed  no  defects  above  low  water.  On  January  3,  1921,  a 
diver  made  an  examination  from  low  water  to  the  mud  line  of  50 
piles  selected  at  random  and  covering  the  entire  length  and  width 
of  the  pier.  No  defects  of  any  kind  could  be  discovered.  Between 
1907  and  1911  several  hundred  Koetitz  piles  were  driven  in  bulkhead 
wharves  along  the  San  Francisco  waterfront.  Some  of  them  are  now 
showing  small  defects  but  the  majority  are  in  good  condition  and  all 
are  still  in  service. 

This  protection  seems  well  adapted  for  soft  mud  bottoms,  and 
might  be  jetted  into  hard  ground.  When  it  is  possible  to  use  them 
and  when  the  casings  are  made  and  placed  with  sufficient  care,  good 
protection  can  be  obtained.  Their  durability  is  then  affected  by  the 
factors  which  ordinarily  influence  the  life  of  good  concrete  in  sea 
water.  There  is  some  danger  of  developing  cracks  during  handling, 
which  would  admit  sea  water  to  the  reinforcement  and  permit  rust 
to  form,  but  this  can  be  prevented  by  care  in  the  handling.  The  cost 
is  relatively  high  and  a  long  life  would  therefore  be  necessary  to 
justify  it. 

MISCELLANEOUS  PBOTECTIVE  DEVICES 

Several  methods  have  been  proposed  for  pile  protection  which 
can  not  be  classified  under  any  of  the  above  heads.  The  following 
are  examples: 

The  huUt-up  pUe.  Much  was  hoped  for  this  pile  at  one  time.  It 
was  a  square  or  rectangular  pile  built  up  of  separate  planks  spiked 
together  so  as  to  have,  from  any  direction,  the  greatest  possible 
number  of  cracks  intercept  a  path  through  the  pile.  This  was  on 
the  commonly  accepted  belief  that  the  shipworm  would  not  cross  a 
crack.  But  whatever  the  scruples  of  the  shipworm  it  soon  became 
apparent  that  Limnoria  had  none.  A  layer  of  felt  beneath  the  outside 
planks  helped  somewhat;  but  the  spikes  in  course  of  a  little  time 
loosened  and  opened  the  cracks  till  they  offered  shelter  instead  of 
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discouragement  to  borers.  The  construction  of  this  type  of  pile  was 
not  continued. 

Floats  loosely  fastened  around  the  pile  so  that  they  will  rise  and 
fall  with  the  tide  and  keep  constantly  in  motion  from  wave  action 
have  been  actively  promoted  for  some  years.  They  are  made  in 
various  forms,  with  or  without  chain  festoons  to  assist  in  warding 
off  the  borers.  No  record  of  their  commercial  use  in  San  Francisco 
Bay  has  been  found  by  the  Committee,  but  they  have  been  installed 
for  a  number  of  years  on  a  pier  at  Long  Beach,  Calif.  The  piles  there 
were  attacked  by  limnoria  in  scattered  spots  within  a  few  months. 
No  recent  inspection  has  been  made,  so  far  as  the  Committee  has 
learned.  The  effectiveness  of  this  scheme  is  unproved  in  water  where 
borer  action  is  known  to  be  severe.  The  minuteness  of  the  crevices 
necessary  to  shelter  the  almost  microscopic  borer  larvae  from  any 
impact  from  such  a  device,  the  relatively  long  time  between  tidal 
passages  when  any  given  elevation  is  not  effectively  covered  by  such 
a  device,  and  the  fact  that  the  most  severe  entrance  attack  of  ship- 
worms  is  at  and  near  the  mud  line  instead  of  at  the  surface  seem^ 
on  the  basis  of  present  knowledge,  to  militate  against  the  probable 
success  of  these  devices. 

Electrolysis  of  the  water  around  the  pile,  liberating  chlorine,  which 
is  supposed  to  kill  the  teredos  in  the  pile,  was  actively  promoted 
some  years  ago,  but  no  record  of  any  actual  test  of  the  scheme  has 
come  to  the  attention  of  the  Committee.  It  seems  entirely  unlikely 
that  the  method  would  meet  with  success,  because  the  tidal  currents 
would  carry  the  chlorine  away  and  prevent  the  borers  being  subjected 
to  its  effects  to  any  great  extent.  Constant  repetition  of  the  treat- 
ment would  in  any  case  be  required  to  take  care  of  the  hordes  of 
larvae  arriving  with  every  tide. 

Dynamiting  in  the  water  around  the  piles  has  been  tried  as  a  means 
of  killing  th.e  borers.  A  concussion  of  this  kind  in  water  will  only 
kill  animal  life  in  its  immediate  vicinity.  In  any  case,  constant 
repetition  would  be  as  necessary  as  in  the  case  of  electrolysis. 

CBEOSOTED  PILES 

Notwithstanding  the  diverse  efforts  to  evolve  a  perfect  protec- 
tion for  piling,  no  other  method  has  been  presented  for  the  considera- 
tion of  the  Committee  which  has  been  shown  by  service  records  to 
give  a  longer  life  in  relation  to  cost  than  does  creosote  treatment. 
Creosoted  Douglas  fir  piling  has  been  used  for  many  years  in  San 
Francisco  Bay.  It  was  in  use  to  some  extent  as  early  as  1869.  In 
a  report  dated  July  8,  1871,  by  T.  J.  Arnold,  Engineer  of  the  Califor- 
nia Board  of  State  Harbor  Commissioners,  reference  is  made  to  the 
use  of  creo8of)ed  piling  in  San  Francisco  Bay  and  elsewhere,  and  a 
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discussion  of  the  subject  is  given.  Mr.  Arnold  recommended  the 
use  of  piles  creosoted  by  the  Bobins  Process  which  was  then  in  com- 
mercial use  at  San  Francisco  and  consisted  of  treating  the  wood 
(after  a  preliminary  steaming  and  drying)  in  a  huge  closed  tank 
80  feet  long,  14  feet  high  and  11  feet  wide,  with  vapors  of  creosote 
admitted  into  the  tank  from  a  tar  still  at  one  side.  Since  that  time 
marked  improvement  has  been  made  in  the  preservative  treatment 
of  wood  and  much  more  is  known  respecting,  its  effectiveness  as  a 
pile  protection. 

The  oldest  creosoted  structures  upon  which  the  Committee  has  so 
far  been  able  to  secure  service  data  are  those  of  the  Southern  Pacific 
Bailway.  One  of  these^  the  Long  Wharf  at  Oakland,  was  begun  in 
1890,  and  when  it  was  removed  in  1918  and  1919  on  account  of  harbor 
changes  some  of  the  piles  had  been  in  service  for  29  years.  This 
structure  was  reported  on  at  length  before  the  1920  convention  of 
this  Association  and  the  report  may  be  found  in  the  Proceedings. 

The  Board  of  State  Harbor  Commissioners  has  used  a  great  deal 
of  creosoted  piling  along  the  San  Francisco  waterfront  and  its  use 
has  been  quite  extensive  for  many  years  throughout  the  lower  bay 
region  where  borers  have  always  been  active. 

Service  Becords 

In  spite  of  this  extensive  use  it  is  not  easy  to  obtain  many  accurate 
service  records.  Engineers  have  been  too  busy,  or  have  failed  to 
appreciate  the  value  of  such  information,  and  for  the  most  part  have 
not  kept  their  records  in  sufficient  detail  for  the  use  of  the  Com- 
mittee. The  data  of  value  which  the  Committee  has  been  able  to 
secure  is  given  in  table  3.  This  table  gives  records  of  a  considerable 
number  of  structures,  involving  a  total  of  over  35,000  piles.  In  the 
1920  Proceedings  of  this  Association,  pages  148  to  178,  a  detailed' 
description  of  the  piling  in  the  Oakland  Long  Wharf  is  given,  includ- 
ing data  on  the  character  of  the  treatment,  the  oil  used,  oil  penetra- 
tion, surrounding  conditions,  and  the  results  of  a  detailed  inspection 
of  the  piling.  The  table  gives  a  summary  only  of  this  record.  For 
the  complete  record  the  reader  is  referred  to  the  above  mentioned 
report. 

Briefly  summarized,,  the  data  in  last  year's  report  and  in  table  3 
of  the  present  report  indicate  that  a  long  life  may  be  expected  in 
San  Francisco  Bay  from  good  quality  Douglas  fir  piling  well  creosoted, 
properly  handled  in  rafting  and  driving,  and  not  mistreated  in  the 
erection  of  the  superstructure.  In  view  of  this  data  it  seems  clearly 
possible  for  creosoted  Douglas  fir  piling^  under  conditions  such  as 
those  existing  in  San  Francisco  Bay^  to  give  a  life  of  25  to  30  years, 
^'provided  that  good  timber  and  a  high  grade  of  coal-tar  distillate 
oil  are  used,  that  the  treatment  is  efficient  and  that  care  is  taken  in 
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handling  and  driving  the  jnles,"  as  was  expressly  stipulated  by  last 
year's  Long  Wharf  Committee.  Poorly  treated  piling  or  piling 
damaged  by  careless  handling  can  not  be  expected  to  last  nearly  as 
long.  When  piling  must  be  obtained  from  a  long  distance  by  sea, 
with  the  necessity  for  repeated  rafting,  storing  and  handling,  damage 
is  difficult  to  avoid,  even  with  all  reasonable  care.  This  is  the  situa- 
tion for  most  piling  consumers  on  San  Francisco  Bay,  and  the  average 
life  obtained  there  with  creosoted  piling  has  been  considerably  less 
than  the  above  figures.  What  the  average  life  is,  however,  can  not 
be  definitely  stated,  since  none  of  the  available  records  are  in  suf- 
ficient detail  to  permit  it  and  so  few  of  the  recorded  structures  have 
completed  their  service. 

Damage  to  Treated  Material 

Your  Committee  wishes  to  emphasize  again  that  in  order  to  secure 
such  satisfactory  service,  good  treatment  and  good  oil  are  essential 
and  proper  handling  is  of  even  greater  importance.  The  abuse  of 
creosoted  piling  which  the  Committee  has  almost  universally  found  in 
its  inspections  is  deplorable.  Every  opening  through  the  treated  area 
below  high  water,  exposing  untreated  wood,  affords  access  to  borers. 
Limnoria  are  quick  to  take  advantage  of  these  openings  and  soon 
enlarge  them  to  a  dangerous  extent.  The  best  treatment  and  oil 
are  of  no  avail  if  the  borers  are  given  access  to  the  untreated  interior 
of  the  pile.  It  is  fully  appreciated  that  occasional  damage  through 
the  treated  area  can  not  be  avoided,  but  there  is  a  great  deal  of 
unnecessary  damage.  Some  of  the  causes  of  damage  noted  are  pike 
pole  holes,  rafting  dog  holes,  peavy  holes,  bolt  holes,  axe  cuts,  dapping 
piles  out  of  line,  cutting  off  pile  heads  too  close  to  water  line,  cracks 
caused  in  seasoning  or  by  driving,  and  abrasion  by  vessels  or  by 
driftwood  (pis.  8,  9,  and  10).  If  the  average  life  of  creosoted  piling 
on  San  Francisco  Bay  has  fallen  short  of  that  shown  by  the  Oakland 
Long  Wharf,  it  must  in  large  measure  be  charged  to  these  abuses 
and  their  correction  would  imquestionably  result  in  a  much  nearer 
approach  to  maximum  life. 

The  Committee  is  aware  that  evidence  of  attack,  especially  by 
limnoria,  has  been  found  to  some  extent  in  the  treated  part  of  the 
wood,  in  South  Atlantic  and  Gulf  ports,  and  has  looked  diligently, 
but  without  success,  for  evidence  of  similar  attack  in  San  Francisco 
Bay.  A  few  cases  have  been  found  where  limnoria,  having  hollowed 
out  and  enlarged  some  opening  through  the  creosote,  have  come  in 
contact  with  the  treated  wood  from  the  inside  and  attacked  it  slightly. 
Apparently  as  long  as  the  treated  surface  remains  intact,  the  borers 
do  not  attack  it. 

The  extent  of  the  damage  could  be  reduced,  it  is  believed,  if 
engineers  and  their  inspectors  would  fully  appreciate  the  importance 
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of  careful  handling  and  take  such  steps  as  may  be  possible  to  secure 
it.  It  is  not  to  be  expected  that  contractors  and  their  men  will  sud- 
denly change  their  methods  to  comply  with  the  engineers '  wishes,  but 
gradual  improvement  can  be  effected  by  continuous  and  concerted 
efforts  to  educate  pile  handlers  in  proper  methods^  and  by  insistence 
on  the  observance  of  approved  methods.  Special  stress  should  be  laid 
on  restriction  of  the  use  of  dogs  in  rafting,  and  pikes  in  any  handling, 
to  the  sections  near  the  ends  o^piles,  which  will  be  well  below  mud 
line  or  above  high  water  when  the  piles  are  set  and  the  avoidance  of 
cutting  the  creosoted  shell  below  the  water  line  in  bracing. 

Damage  to  fender  and  spring  line  piling  by  boats  can  scarcely  be 
avoided,  and  it  is  obvious  that  such  piling  will  not  last  as  long  as 
bearing  piles.  If  the  creosote  preserves  the  piling  throughout  its 
mechanical  life  it  is  sufficient.  On  the  abraded  side  borer  attack 
will  usually  be  prevented  by  the  repeated  chafing  of  boats.  On  the 
other  parts  of  such  piles  attack  can  be  expected  where  fastenings  cut 
through  the  creosote  or  where  the  pile  is  split  or  broken  by  shock. 

Improvements  in  the  methods  of  bracing  the  structure  could  doubt- 
less be  made.  The  practice  of  extending  braces  and  fastenings  below 
water  should  be  avoided,  since  placing  the  braces  above  the  water 
not  only  prevents  damage  to  the  pile,  but  it  also  keeps  the  bracing 
out  of  the  water,  and  hence  out  of  reach  of  the  borers.  Restriction 
of  bracing  to  the  area  above  water  line,  however,  involves  admitted 
difficulties  in  securing  the  necessary  bracing  strength.  A  study  of 
this  subject  with  a  view  to  making  specific  recommendations  as  to 
methods  of  construction  should  be  made  by  next  year's  Committee^ 

Treatment  of  Douglas  Fir  Piling 

The  members  of  this  Association  are  aware  from  ^he  papers  and 
discussions  of  previous  meetings  that  Douglas  fir  is  very  refractory 
to  the  penetration  of  preservatives  in  the  heartwood.  The  sapwood 
is  less  refractory.  But  it  is  difficult  to  obtain  an  absorption  in 
Douglas  fir  piling  of  much  over  12  to  14  pounds  per  cu.  ft.  of  treated 
material.  The  thickness  of  the  sapwood  is  the  controlling  factor  in 
the  depth  of  the  penetration  that  can  be  secured. 

The  piles  driven  in  Oakland  Long  Wharf  in  1890  and  1892,  totaling 
about  1000,  were  air  dried  for  a  year  before  treatment,  then  treated 
by  the  Bethel  process,  absorbing  about  14.2  lbs.  per  cu.  ft.  The  other 
13,000  piles  in  this  structure  were  treated  green  from  the  water,  by 
the  boiling  process  as  developed  by  John  D.  Isaacs,  and  received  an 
average  absorption  of  about  10  pounds  per  cu.  ft.  Since  that  time 
piles  have  been  used  in  the  bay  treated  by  the  steaming  process,  the 
boiling  process  and  the  boiling  under  vacuum  process.  All  three 
processes  are  still  used  to  some  extent  but  the  present  tendency  seems 
to  favor  that  of  boiling  under  vacuum.    The  Board  of  State  Harbor 
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Oommissioners  requires  an  absorption  of  not  less  than  12  pounds  per 
cubic  foot,  and  this  seems  to  be  a  commonly  accepted  standard.  They 
require  that  the  process  of  boiling  under  vacuum  be  used,  and  that 
a  penetration  of  not  less  than  %  inch  be  secured.  The  Committee 
has  not  been  able  to  examine  all  the  specifications  in  use  in  this 
region  and  compare  them.  The  general  requirements  of  the  engineers 
who  buy  on  specifications  appear  to  be  similar  but  there  is  no  speci- 
fication covering  absorption,  penetration,  character  of  oil  and  details 
of  treatment  which  is  accepted  as '  standard.  In  fairness  to  both 
producer  and  consumer,  your  Committee  believes  it  very  desirable 
that  an  attempt  be  made  to  draw  up  a  specification  of  this  kind. 

Ck>8t  of  Oreosoted  Piling 

The  following  data  on  the  cost  of  creosoted  piling  has  been  care- 
fully collected  but  of  necessity  must  be  given  in  brief  and  condensed 
form.  These  figures  represent  the  prices  prevailing  in  the  late  sum- 
mer and  fall  of  1920  for  Douglas  fir  piling  delivered  at  points  on 
8an  Francisco  Bay.  The  average  specification  called  for  8 -inch  mini- 
mum tops  and  14-inch  minimum  butts,  up  to  about  75  feet  in  length, 
with  7-inch  tops  for  greater  lengths,  a  minimum  penetration  of  %  inch 
and  a  treatment  of  not  less  than  12  pounds  of  distillate  creosote  oil 
of  the  Standard  Grade  of  the  American  Wood-Preservers'  Association 
or  its  equivalent.     Some  prices  were  affected  by  the  requirement  of 

quick  delivery.  _  . 

Price  per  lin.  ft.  f .».8. 

Range  in  length  San  Francisco  Bay 

30'  to  40' $0.87  to  $0.95 

41'  to  50' ^  0.90  to     0.95 

51'  to  60' 0.92  to     0.97 

61'  to  70' 0.92  to     1.00 

71'  to  80' ^ 0.98  to     1.08 

81'  to  90' ^ 1.00  to     1.08 

91'  to  100' ^ 1.02  to     1.10 

Over  100'  1.05  to     1.16 

The  Spliced  Creosote-Green  Wood  Pile 

Some  creosoted  piling  has  been  used  in  San  Francisco  Bay,  to  the 
small  or  bottom  end  of  which  is  spliced  an  untreated  piece  somewhat 
shorter  than  the  length  which  wiU  be  driven  below  the  mud  line. 
This  device  permits  the  purchase  of  much  shorter  creosoted  piling, 
which  is  also  cheaper  per  linear  foot.  It  may  give  satisfactory 
service,  if  the  splice  is  sufficiently  strong,  subject  to  precautions 
against  the  exposure  of  untreated  wood  by  miscalculation  of  driving 
length,  or  by  subsequent  scouring  of  the  bottom.  Mr.  Howard  Holmes, 
of  San  Francisco,  has  used  a  metal  sleeve  of  several  feet  length  over 
the  splice.  Whether  the  spliced  pile  would  be  economical  would 
depend  upon  the  relation  between  splicing  cost  and  the  saving  in 
creosoted  material. 
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OTHEB  MATERIALS  THAN  WOOD 

Three  types  of  supports  other  than  wooden  piling  have  been  nsed 
in  San  Francisco  Bay,  namely,  iron  piles,  reinforced  concrete  cylinders^ 
and  reinforced  concrete  piles. 

Iron  Files 

Iron  piles  have  been  used  in  a  number  of  government  structures 
about  the  bay.  The  first  installation  appears  to  have  been  at  Alcatraz 
Island,  where  the  Quartermaster's  dock  was  built  about  1870  on  cast 
iron  piles.  These  piles  were  10  feet  to  30  feet  long,  12  inches  outside 
diameter  and  the  metal  was  one  inch  thick.  They  were  all  filled  with 
concrete  after  driving.  The  longer  piles  were  driven  into  the  mud 
and  the  short  piles  set  on  concrete  bases.  Between  that  time  and  1906 
a  total  of  about  1250  cast  iron  or  wrought  iron  piles  have  been  placed 
in  government  structures,  and  practically  all  of  them  are  still  in 
service.  Some  of  the  piles  have  been  broken  off  by  the  shock  of 
vessels,  or  others  causes,  at  the  point  where  the  braces  are  fastened. 
These  were  repaired  by  placing  an  iron  collar  around  them  at  the 
break.  When  placed,  the  cost  of  the  piles  was  about  $1.50  per  lineal 
foot.  No  information  is  available  as  to  their  present  cost,  but  it 
would  probably  be  around  $3.00  per  lineal  foot.  In  table  4  the  avail- 
able information  concerning  the  character,  location  and  service  given 
by  these  piles  is  presented.  It  will  be  noted  that  some  of  them 
have  been  in  service  for  50  years,  which  is  a  remarkable  record. 

The  chief  advantage  possessed  by  these  piles  seems  to  be  their 
great  durability.  Below  water  they  are  reported  to  be  practically  as 
good  as  new.  Above  low  water  they  have  rusted  to  some  extent  in 
spite  of  attempts  to  protect  them  with  paint,  but  they  are  still 
serviceable.  The  iron  bracing  has  rusted  more  rapidly  and  on  some 
of  the  docks  has  been  renewed  several  times.  Among  their  disad- 
vantages are:  (1)  high  cost,  (2)  the  need  for  driving  them  with 
extreme  care  in  order  that  the  fittings  and  bolt  holes  for  the  bracing 
may  come  right,  (3)  their  tendency  to  break  at  bracing  points,  (4)  the 
relatively  short  lengths  which  can  be  used. 

Beinf creed  Concrete  Cylinders 

Cast  in  place  reinforced  concrete  cylinders  have  been  used  in  the 
construction  of  fourteen  piers  on  the  San  Francisco  waterfront.    While^ 
the  details  of  design  vary  somewhat  in  the  different  structures,  the 
cylinders  used  in  pier  28,  constructed  in  1912  and  1913,  are  typical  of 
this  type  of  construction. 

Pier  28  is  150  ft.  in  width  and  677  ft.  in  length.  It  is  supported 
on  452  reinforced  concrete  cylinders  which  are  spaced  approximately 
15  feet  apart  in  both  directions.     The  cylinders  are  3%  to  4  ft.  in 
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diameter  and  are  supported  on  bases  from  5  ft.  to  7  ft.  in  diameter, 
which  rest  on  a  compact  bed  of  sand,  clay  and  gravel  at  a  depth  of 
from  40  to  70  ft.  below  low  water. 

The  cylinders  and  bases  were  constructed  in  cylindrical  open  steel 
caissons  8  ft.  in  diameter  which  were  sunk  to  the  required  depth  by 
dredging  out  inside  with  orange  peel  buckets  and  driving  with  a  pile 
driver  as  the  excavated  material  was  removed.  After  the  caissons 
were  sealed  by  driving  into  the  hard  bottom  the  water  was  pumped 
out  and  the  bottom  was  excavated  by  hand  to  an  even  bearing.  The 
cylinder  forms  were  built  up  with  2  in.  stave  lumber  hooped  with 
ateel  bands,  and  the  reinforcement  consisted  of  %  in.  square  bars 
spirally  hooped  with  No.  0  wire. 

The  concrete  in  the  cylinders  was  mixed  in  the  proportion  of  one 
part  of  cement  to  six  parts  of  aggregate.  The  aggregate  consisted 
of  several  sizes  of  sand  and  crushed  rock  so  as  to  give  a  graded 
mixture.  The  concrete  was  poured  through  a  jointed  pipe  and  was 
tamped  and  spaded  so  as  to  fill  the  3  in.  spaces  between  the  reinforc- 
ing steel  and  the  forms.  After  the  concrete  had  set  not  less  than 
24  hours  the  caissons  were  pulled,  the  wood'  stave  forms  being  left 
permanently  in  place. 

The  cylinder  type  of  construction  has  proved  satisfactory  where 
the  work  was  properly  done.  The  structure  is  fire  proof  and  permits 
of  the  construction  of  a  fire  proof  shed  which  is  not  feasible  in  this 
locality  on  a  timber  sub-strueture.  It  is  rigid  and  permanent  in 
<!haracter  and  the  maintenance  is  reduced  to  a  minimum.  The  most 
serious  disadvantage  is  the  difficulty  of  securing  thoroughly  satisfac- 
tory work,  particularly  on  the  outside  surface  of  the  cylinders  and 
at  the  joints.  Unless  the  mortar  is  well  spaded  to  the  outside  so  as 
to  afford  the  necessary  protection  for  the  reinforcing  steel  there  is 
pitting  of  the  surface  particularly  between  tides.  In  pouring  the 
•cylinders  the  work  is  carried  up  to  the  underside  of  the  deck  struc- 
ture in  one  operation  and  completed  after  the  placing  of  the  deck 
forms.  In  pouring  these  long  cylinders  laitance  is  apt  to  collect 
■at  the  top  and  unless  this  is  removed  down  to  solid  concrete  before 
the  next  section  is  poured  a  plane  of  weakness  results.  A  considerable 
number  of  cylinders  have  been  repaired  due  to  these  defects  but  the 
fact  that  large  numbers  constructed  from  five  to  twelve  years  ago 
-are  in  first  class  condition  proves  that  satisfactory  construction  of 
this  type  is  entirely  feasible. 

Reinforced  Concrete  Piles 

Reinforced  concrete  piles,  precast  on  land  and  seasoned  before 
driving,  have  been  used  in  this  and  other  harbors  for  a  number  of 
years,  where  great  permanence  is  desired  and  high  first  cost  is  there- 
fore permissible. 
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Along  the  San  Francisco  waterfront  more  than  11,000  concrete 
piles  have  been  used  in  the  construction  of  five  piers  as  well  as  numer- 
ous wharves,  ferry  slips  and  building  foundations. 

Square  piles  have  been  used  exclusively  on  the  work  in  San  Fran- 
cisco, the  size  varying  from  16  in.  square  for  piles  up  to  45  ft.  in 
length  to  20  in.  square  for  piles  up  to  105  feet  in  length.  At  the 
point  the  piles  taper  on  two  sides  for  a  distance  of  6  to  10  ft.  to  a 
width  of  10  in. 

The  reinforcement  consists  of  square  corrugated  bars  rolled  from 
billets  with  spiral  wrapping  of  No.  3  wire.  The  quantity  of  rein- 
forcing steel  varies,  depending  upon  the  length  of  the  piles,  from  four 
%  in.  bars  to  six  1  in.  bars. 

In  constructing  concrete  piles,  the  established  practice  is  to  use 
a  mixture  of  one  part  of  cement  to  five  parts  of  aggregate.  The  differ- 
ent sizes  of  aggregate,  usually  four,  are  brought  on  the  ground 
separately  and  are  proportioned  so  as  to  obtain  as  dense  a  mixture 
as  possible.  Thorough  mixing  and  tamping  are  required  and  the 
mortar  is  spaded  agaiilst  the  forms,  which  are  set  so  as  to  give  a 
2  in.  covering  of  concrete  over  the  steel.  All  piles  are  cured  at  least 
45  days  before  being  driven.  The  driving  is  done  with  a  heavy  steam 
hammer  and  with  the  use  of  a  water  jet  where  necessary. 

The  first  precast  reinforced  concrete  piles  were  used  in  1911  in  the 
supports  for  aprons  of  passenger  ferry  slips.  In  1912  a  section  of 
bulkhead  wharf  adjacent  to  pier  17  was  constructed,  using  concrete 
piles.  The  first  pier  in  which  concrete  piles  were  used  exclusively 
was  pier  35  which  was  constructed  in  1914  and  1915;  other  structures 
in  which  this  type  of  construction  was  used  date  from  1912  to  1920. 

Based  on  prices  for  labor  and  materials  current  in  the  first  half 
of  1920  the  cost  of  reinforced  concrete  piles  is  approximately  as 
follows: 

16  in.  square $1.50  to  $1.70  per  lin.  ft. 

18  in.  square 2.00  to    2.20  per  lin.  ft. 

20  in.  square 2.50  to    2.75  per  lin.  ft. 

Variation  in  cost  depends  upon  the  length,  the  weight  of  the  rein- 
forcing steel  and  the  number  of  piles  constructed. 

Up  to  this  time  the  results  obtained  from  the  use  of  reinforced 
concrete  piles  on  the  San  Francisco  waterfront  have  been  entirely 
satisfactory.  The  only  defects  which  have  been  discovered  in  the 
oldest  structures  are  a  few  vertical  cracks  in  the  concrete  on  the 
line  of  the  longitudinal  reinforcement  near  the  heads  of  the  piles.  A 
critical  inspection  fails  to  reveal  any  instances  of  deterioration  below 
extreme  high  tide. 

Some  of  the  advantages  possessed  by  this  type  of  construction  are 
the  rigid,  substantial  substructure  which  results  and  the  possibility 
of  the  use  of  a  permanent,  fire-proof  superstructure.     The  certainty 
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of  securing  more  careful  inspection  and  workmanship  of  precast  piles 
built  on  land  makes  them  more  satisfactory  than  cast-in-place  con- 
crete cylinders.  The  objections  to  this  type  of  construction  are  the 
high  first  cost  and  the  length  of  time  required  for  construction  of  the 
pile;  the  high  cost  of  placing  and  driving  the  pile  and  danger  of  dam- 
aging it  in  that  process;  and  the  uncertainty  of  the  length  of  life 
which  can  be  secured,  on  account  of  the  short  time  during  which  they 
have  been  in  service  in  this  vicinity. 


GENEBAL  CONSIDEBATIONS 

In  presenting  the  information  which  it  has  collected  on  the  effect- 
iveness of  pile  protections,  the  Committee  does  not  recommend  any 
type  of  pile  or  method  of  protection  as  the  best  for  every  purpose. 
Each  type  has  its  advantages  and  its  disadvantages,  making  it  suit- 
able for  some  places  and  unsuitable  for  others.  The  importance  of 
the  structure,  the  cost  permissible,  the  permanence  desired,  and  the 
size,  ease  of  making  repairs,  etc.,  all  will  affect  the  decision. 

Oomparatiye  Annual  Costs 

The  Committee  is  indebted  to  Mr.  Jerome  Newman,  formerly  Chief 
Engineer  of  the  Board  of  State  Harbor  Commissioners,  for  the  follow- 
ing estimates  on  the  annual  cost  of  six  different  types  of  waterfront 
construction.  The  comparison  is  based  on  pre-war  contract  prices. 
It  is  believed  that  the  changes  in  labor  and  material  costs  of  the 
past  few  years  have  been  fairly  uniform  for  the  several  types  of 
construction  considered,  and  that  the  pre-war  contract  prices  will 
show  the  relations  more  satisfactorily  for  future  use  than  will 
the  erratic  fluctuations  of  those  which  have  obtained  during  and 
since  the  war. 

It  has  before  been  stated  that  the  Committee  found  the  available 
records  insufficient  to  establish  a  trustworthy  average  life  for  most 
of  the  types  of  piling  construction.  The  assumptions  which  Mr.  New- 
man has  made  in  his  calculations  are  of  course  subject  to  modification, 
as  the  facts  in  specific  cases  may  require.  But  his  presentation  is 
believed  to  constitute  a  sound  method  of  attack  upon  the  problem. 
Using  the  assumptions  which  he  believes  necessary  or  legitimate,  any 
other  engineer,  if  Mr.  Newman's  method  is  generally  adopted,  can 
arrive  at  results  which,  in  addition  to  being  trustworthily  derived,  will 
have  the  considerable  advantage  of  being  comparable  with  all  the 
others  similarly  derived. 

A  life  of  twenty-five  years  is  assumed  for  creosoted  Douglas  fir 
piling,  based  upon  the  showing  of  the  Southern  Pacific  Long  Wharf. 
It  is  assumed  that  in  the  case  of  each  construction  type  the  cost  of 
construction  is  financed  by  the  sale  of  bonds  bearing  5  per  cent  inter- 
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est  and  maturing  at  the  end  of  the  assumed  life  of  the  pier;  that 
a  sinking  fund  is  established  at  the  same  rate  of  interest  to  retire 
the  bonds  at  maturity;  and  that  a  depreciation  or  replacement  reserve 
is  laid  aside  at  the  same  rate  of  interest  for  the  purpose  of  recon- 
struction and  returning  loss  of  revenue  during  the  time  of  recon- 
struction. The  distance  from  the  top  of  the  piling  or  cylinder  to  the 
water  surface  is  taken  at  5  feet,  the  depth  of  water  at  35  feet,  and 
the  penetration  of  the  piling  at  35  feet.  The  construction  costs  are 
per  square  foot  of  deck  surface. 

Based  on  a  twenty-five  year  life  for  creosoted  piles,  the  figures 
show  the  annual  cost  of  all  types  for  the  same  length  of  life.  In 
addition  to  this  the  life  of  all  other  types  has  been  calculated  from 
an  annual  cost  corresponding  to  the  annual  cost  of  a  creosoted  piling 
pier. 

Annual  Cost,  25  Year  Life 

Type  A — Creosoted  piles,  first  cost  $1.00  per  square  foot. 

Interest  on  investment,  at  5% $0.0500 

Maintenance,  at  5%  — 0.0500 

Insurance  0.0066 

Sinking  fund  payment 0.0209 

Depreciation  reserve ^ ^ 0.0230 

Loss  of  revenue  - 0.0063 


Total  annual  cost  per  square  foot ^ $0.1568 

Type  B — Reinforced  concrete  piles,  first  cost  $2.00  per  square  foot. 

Interest  on  investment,  at  5% $0.1000 

Maintenance  at  1% 0.0200 

Insurance ~ „       

Sinking  fund  payment 0.0419 

Depreciation  reserve - - ^ 0.0503 

Loss  of  revenue 0.0063 


Total  annual  cost  per  square  foot - $0.2185 

Type  C — Reinforced  concrete  cylinders,  first  cost  $3.00  per  square  foot. 

Interest  on  investment,  at  5% $0.1500 

Maintenance,  at  1% ^. 0.0300 

Insurance _ 

Sinking  fund  payment - 0.0628 

Depreciation  reserve  - ^...       0.0757 

Loss  of  revenue ^ ^ ^ 0.0063 


Total  annual  cost  per  square  foot ^ $0.3248 

Type  D — Untreated   piles   encased   in   reinforced   concrete   deposited 

inside  a  wooden  cylinder,  first  cost  $1.85  per  square  foot; 

Interest  on  investment,  at  5% „ $0.0925 

Maintenance,  at  1% 0.0185 

Insurance 

Sinking  fund  payment 0.0387 

Depreciation  reserve 1...      0.0445 

Loss  of  revenue 0.0063 


Total  annual  cost  per  square  foot $0.2005 
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Type  E — Untreated  piles  surrounded  by  precast  reinforced  shells  driven 
into  the  bottom,  first  cost  $2.25  per  square  foot. 

Interest  on  investment,  at  5% _ $0.1125 

Maintenance,  at  1% ^ 0.0225 

Insurance  ^ 

Sinking  fund  payment 0.0471 

Depreciation  reserve 0.0542 

Loss  of  revenue 0.0063 

Total  annual  cost  per  square  foot $0.2426 

Type  F — Untreated  piles  encased  in  plain  concrete  poured  above  water 
and  lowered  into  place,  first  cost  $1.40  per  square  foot.  (Derived 
from  the  cost  of  a  creosoted  pile  pier  by  deducting  the  difference 
in  cost  of  creosoted  and  untreated  piles  and  adding  the  cost  of  the 
concrete  protection,  assumed  at  60  per  cent  of  the  present  price.) 

Interest  on  investment,  at  5% $0.0700 

Maintenance,  at  3% ^ 0.0420 

Insurance  

Sinking  fund  payment „ 0.0293 

Depreciation  reserve ^ 0.3373 

Loss  of  revenue 0.0063 

Total  annual  cost  per  square  foot $0.1813 


LlTB   OP   DUTEEENT   TYPES    rOE  EQUAL   ANNUAL   OOST 

Annual  cost  of  Type  A,  $0.1568  per  square  foot. 
Life  assumed  for  Type  A,  25  years. 

Type  B — Maintenance  and  interest $0.1200 

Annual  payments,  reserve  funds ^ 0.0368 

Required  at  end  of  life: 

Sinking  fund  ^ 2.0000 

Depreciation  reserve - 2.4000 

Loss  of  revenue ^ 0.3000 

Total  required  ^ $4.7000 

Life  necessary  to  produce  this  sum  at  5%,  41.0  years. 

Type  C — Maintenance  and  interest $0.1800 

As  maintenance  and  interest  alone  for  this  type  are  greater  than 
the  total  cost  of  type  A,  it  is  at  all  times  more  expensive  than 
the  latter  and  its  cost  increases  with  its  life. 

Type  D — Maintenance  and  interest $0.1110 

Annual  payments,  reserve  funds 0.0458 

Required  at  end  of  life: 

Sinking  fund  : ^ 1.8500 

Depreciation  reserve   ~ ~ 2.1275 

Loss  of  revenue ~ ~  0.3000 

Total  required  „ $4.2775 

Life  necessary  to  produce  this  sum  at  5%,  35.6  years. 
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Type  E — ^Maintenance  and  interest $0.1350 

Annual  payments,  reserve  funds ^. 0.0218 

Required  at  end  of  life: 

Sinking  Fund  2.2500 

Depreciation   reserve  2.5825 

Loss  of  revenue 0.3000 

Total  required  » $5.1375 

Life  necessary  to  produce  this  sum  at  5%,  50.4  years. 

Type  F — ^Maintenance  and  interest $0.1120 

Annual  payments,  reserve  funds 0.0448 

Required  at  end  of  life: 

Sinking  fund  -...  1.4000 

Depreciation  reserve 1.6100 

Loss  of  revenue « ~ 0.3000 

Total  required  $3.3100 

Life  necessary  to  produce  this  sum  at  5%,  31.5  years. 

In  the  above  calculations  allowance  was  made   for  the  cost  of 
removal  by  increasing  the  depreciation  funds  as  follows: 
10%  of  the  first  cost  for  Type  A. 
20%  of  the  first  cost  for  Types  B  and  C. 
15%  of  the  first  cost  for  Types  D,  E  and  F. 

Revenue  for  square  foot  was  assumed  at  $0.3000  per  annum  and 
one  year  was  allowed  for  reconstruction,  an  assumption  favorable  to 
concrete  structures. 

Maintenance  charges  were  taken  at  5  per  cent  for  Type  A,  1  per 
cent  for  Types  B,  C,  D  and  E,  and  3  per  cent  for  Type  F.  The  parts 
most  subject  to  wear  are  fender  lines  and  deck  pavements,  and  as  the 
maintenance  cost  for  these  parts  is  the  same  for  all  types,  the  main- 
tenance percentages  assumed  are  also  favorable  to  concrete  structures. 

The  calculations  presuppose  the  use  of  the  best  construction 
methods  with  resulting  structures  not  subject  to  failure  on  account 
of  the  lack  of  precautions  on  the  part  of  the  builders. 

Obsolescence 

The  question  of  obsolescence  is  one  of  considerable  importance. 
Continual  improvements  in  ships,  methods  of  handling  cargoes  and 
changes  in  the  character  and  volume  of  commerce  require  harbor 
changes  to  meet  them.  Some  harbors  can  advantageously  build  quays, 
with  permanent  solid  concrete  or  masonry  walls.  Ships  can  berth 
alongside  the  quay  walls  and  the  warehouses  and  cargo  handling 
equipment  can  be  placed  on  a  fill  behind  the  wall.  This  is  expensive 
construction  and  changes  are  costly.  It  is  permanent,  however,  and 
where  conditions  permit  the  expense  is  justified.  The  waterfront  of 
the  upper  bays  and  Carquinez  Straits  is  largely  of  this  type. 

The  San  Francisco  City  Waterfront,  however,  is  not  of  this  type, 
but  is  a  pier  harbor,  requiring  for  its  most  efficient  use  that  vessels 
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be  berthed  at  piers  extending  into  the  harbor  at  an  angle  with  the 
shore  line.  This  necessitates  changes  in  the  piers  to  meet  the  chang- 
ing conditions  of  ships  and  commerce.  The  following  extract  from 
a  report  made  in  1919  by  Mr.  Newman  is  of  interest  in  this  connection. 

''As  evidence  of  the  rapidity  of  the  changes  that  have  taken 
place  in  ocean  transportation  in  the  last  few  years  and  the 
consequent,  need  for  new  types  and  larger  dimensions  for  piers, 
the  experience  of  San  Francisco  may  be  adduced.  Prior  to  1909, 
the  standard  pier  was  80  feet  wide  and  600  feet  long;  it  became 
necessary,  on  account  of  deterioration,  to  replace  some  of  the 
older  structures  and  it  was  decided  to  build  for  future  increase 
of  traffic  and  to  erect  permanent  piers  of  sufficient  size  to  handle 
it.  The  new  piers  were  130  feet  to  140  feet  wide  and  650  feet 
to  700  feet  long  with  200  foot  to  220  foot  slip  spaces  as  against 
150  foot  to  200  foot  slip  spaces  previously  deemed  ample.  In 
1912,  before  commencing  the  construction  of  four  new  con- 
crete piers,  a  large  number  of  shipping  men  were  consulted  and 
in  accordance  with  their  views  the  piers  were  made  200  feet 
wide  and  800  feet  long  with  250  foot  slips.  Two  or  three  months 
ago  plans  were  prepared  for  a  new  improvement  at  the  southerly 
end  of  the  water  front  involving  several  piers  235  feet  in  width 
by  1000  feet  in  length  with  300  foot  slips.  In  other  words,  in 
ten  years  the  demands  of  commerce  have  increased  pier  width 
by  about  80  per  cent,  pier  length  by  50  per  cent,  and  slip  width 
by  50  per  cent;  the  structures  thought  ample  at  the  beginning 
of  this  ten  year  period  have  become  inadequate  but  must  rebiain 
in  service  because  they  are  too  expensive  to  be  torn  down  and 
the  new  idea  of  size  required  can  not  be  adjusted  to  existing 
piers. ' ' 

In  another  part  of  his  report  appears  the  following  paragraph. 

"The  life  of  any  structure  is  of  prime  importance  in  forming 
a  conclusion  as  to  the  type  to  be  adopted  and  the  expenditure 
that  will  be  justified.  It  is  not  economical  to  build  expensive 
permanent  structures  when  cheap  temporary  ones  will  serve 
the  same  purpose,  nor  on  the  other  hand  is  it  wise  to  build 
cheap  temporary  ones  with  their  usual  high  maintenance  cost 
when  only  a  permanent  one  will  answer  requirements.  This 
is  true  in  all  cases,  but  particularly  so  in  the  case  of  harbor 
works  and  the  two  phases  of  the  subject,  viz:  physical  life  and 
economic  life  should  be  thoroughly  studied  before  plans  are 
made.  The  physical  life  may  be  foretold  with  substantial  accu- 
racy if  the  type  of  construction  has  been  used  long  enough  to 
furnish  sufficient  reliable  data,  but  a  prophecy  as  to  the 
economic  life  is  more  difficult,  involving  as  it  does  the  predic- 
tion of  future  developments  in  the  light  of  past  events.'* 

These  statements  by  Mr.  Newman  show  very  clearly  why  the  Com- 
mittee can  not  recommend  any  type  of  piling  or  pile  protection  as 
J)est.  The  decision  must  be  made  by  the  engineer  for  each  structure 
individually.  The  Committee  has  endeavored  however  to  present  data 
which  will  be  of  value  to  the  engineer  in  arriving  at  his  decision, 
and  hopes  that  the  work  can  be  continued  next  year  to  gather  addi- 
tional data. 
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SXJMMABT 

In  concluding  this  part  of  the  report  your  Committee  wishes  to 
emphasize  the  following  points  which  have  been  touched  upon: 

(1)  Marine  borers  are  very  active  in  San  Francisco  Bay,  and  in 
places  where  their  attack  is  severe  will  destroy  untreated  piling  in  as 
short  a  time  as  six  to  eight  months.  In  other  places  the  untreated 
piling  may  last  two  to  four  years. 

(2)  The  information  secured  indicates  that  it  is  reasonable  to 
expect  a  life  of  five  to  eight  years  from  paint  and  batten  protections 
if  the  work  is  well  done.  If  it  is  not  well  done  or  if  the  covering  is 
damaged  by  careless  handling  this  range  of  life  cannot  be  expected. 

(3)  When  carefully  handled  so  that  there  is  no  injury  extending 
through  the  shell  of  treated  wood  within  the  water  section,  it  appears 
possible  for  properly  creosoted  Douglas  fir  bearing  piling  to  give  a 
life  of  25  to  30  years  in  San  Francisco  Bay.  Poorly  treated  piling 
or  piling  damaged  by  careless  handling  cannot  be  expected  to  last 
nearly  as  long.  Under  existing  conditions,  with  the  necessity  of 
using  piling  shipped  in  from  distant  points,  and  on  account  of  the 
damage  liable  to  occur  during  repeated  handling,  storage  and  rafting, 
the  average  length  of  life  secured  has  been  considerably  less. 

(4)  Most  of  the  attack  on  creosoted  piling  by  marine  borers,  which 
the  Committee  has  observed  throughout  this  survey,  appears  to  have 
begun  in  spots  where  untreated  wood  has  been  exposed  by  damage  in 
handling  the  piles  or  placing  the  superstructure.  It  is  urgently  recom- 
mended that  improvements  be  made  in  the  methods  of  handling  creo- 
soted piles  and  building  structures  upon  them,  so  that  damage  to  the 
surface  o^the  piles  may  be  reduced  to  a  minimum. 

(5)  Precast  reinforced  concrete  piles  and  pile  casings  have  not 
been  in  use  in  San  Francidco  Bay  a  sufficient  length  of  time  to  deter- 
mine their  ultimate  life.  A  detailed  examination  of  those  structures 
which  have  been  in  service  for  10  years  shows  no  evidence  of  deteriora- 
tion and  they  seem  capable  of  a  long  further  life.  The  length  of  life 
to  be  expected  from  this  type  of  construction  is  largely  dependent 
upon  the  quality  of  materials  and  workmanship  and  the  skill  and 
care  with  which  they  are  employed;  and  any  laxity  in  these  particu- 
lars will  materially  shorten  the  length  of  service  which  may  be 
secured. 

(6)  Cast  in  place  concrete  pile  jackets  and  cylinders  may  be 
expected  to  give  satisfactory  results  if  properly  constructed  of  suit- 
able materials.  The  difficulties  of  this  type  of  construction,  however, 
are  of  such  a  nature  that  the  probability  of  securing  a  maximum 
length  of  life  is  less  than  in  the  case  of  precast  concrete  piles  or  pile 
coverings. 
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(7)  The  Belection  of  a  type  of  piling  or  pile  protection  for  a  given 
structure  must  be  made  upon  the  basis  of  cost  and  permanence  of  the 
materials  under  consideration,  the  character  of  the  structure  and  the 
probable  need  for  future  alterations  to  meet  the  changing  require- 
ments of  commerce.  When  a  comparatively  short  increase  over  the 
life  of  green  wooden  piling  is  sufficient,  the  surface  protections  will 
often  be  found  economical  in  waters  not  exposed  to  severe  storm  action; 
if  a  moderately  long  physical  life  approximating  the  average  economic 
life  of  marine  structures  in  this  harbor  is  desired,  a  good  creosote 
treatment  will  provide  it  at  the  lowest  annual  cost  so  far  as  present 
knowledge  goes;  if  conditions  warrant  building  for  the  greatest  perma- 
nence, with  less  regard  for  first  cost,  concrete  construction  may  be 
useful.  For  the  protection  from  further  damage  of  wooden  piles 
already  in  place  and  showing  attack  by  borers,  not  yet  severe  enough 
to  require  condenmation,  the  concrete  casing,  precast  or  poured  in  place, 
is  the  only  means  of  salvage  so  far  found  by  the  Committee. 

RECOMMENDATIONS  FOB  FUBTHEB  WOBK 

As  has  been  pointed  out  repeatedly  in  the  preceding  pages,  this 
report  is  intended  only  as  a  progress  report  of  the  work  of  the  Com- 
mittee to  date  and  in  no  sense  does  it  presume  to  be  final  or  complete. 
The  work  which  the  Committee  has  been  able  to  do  since  its  organiza- 
tion and  the  information  it  has  collected  serve  to  emphasize  the  lack 
of  conclusive  data  on  marine  borers  and  on  pile  protection,  and  the 
g^eat  need  for  continued  study  of  these  subjects.  The  value  of  such 
continued  study  in  San  Francisco  Bay  will  be  three-fold.  It  will 
serve  to  concentrate  the  attention  of  local  engineers  on  a  problem 
of  iQutual  interest,  and  provide  a  means  of  collecting  and  dissemin- 
ating information  of  immediate  use  to  them.  It  will  also  be  of  value 
to  engineers  throughout  the  country  because  a  great  deal  of  the 
information  secured  is  of  general  application.  The  study  further 
will  serve  to  draw  the  attention  of  the  country  to  a  serious  national 
problem,  and  to  create  an  interest  which  can  not  but  result  in  progress 
towards  its  solution.  In  view  of  thes^  considerations  the  Committee 
strongly  recommends  that  the  study  of  pile  protection  in  San  Fran- 
cisco Bay  be  continued,  and  makes  the  following  suggestions  for  the 
consideration  of  the  new  Cbmmittee. 

1.  Continue  to  collect  data  in  as  great  detail  as  possible  concern- 
ing the  service  given  by  piling  and  protections  of  all  kinds.  It  is 
believed  that  much  valuable  data  of  this  kind  can  still  be  secured 
with  regard  to  structures  in  San  Francisco  Bay.  The  collection  of 
this  data  can  be  greatly  facilitated  if  cooperators  will  each  assign  the 
time  of  a  competent  man  to  bring  together  the  past  records  of  their 
piling  and  put  them  in  form  to  be  used  by  the  Committee. 
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2.  Arrange  so  far  as  possible  for  the  maintenance  of  adequate 
permanent  records  of  piling  and  pile  protections  recently  installed^ 
and  for  receiving  annual  reports  on  their  condition.  In  a  few  yeara 
these  records  will  become  of  great  value. 

3.  Give  consideration  to  every  new  method  of  pile  protection  which 
may  be  suggested,  and  report  as  to  its  probable  merits.  When  con- 
ditions warrant,  experiments  should  be  arranged  with  these  methods, 
on  a  sufficient  scale  to  give  the  information  desired. 

4.  Continue  the  study  of  the  borers  themselves  with  the  object 
of  increasing  the  knowledge  of  their  distribution,  habits,  life  processes 
and  of  the  biological  factors  which  affect  their  activities.  (Bee  con- 
clusions at  end  of  the  biological  section  of  this  report.) 

5.  Study  the  causes  of  damage  to  the  treated  portion  of  creosoted 
piles  with  a  view  to  recommending  definite  specifications  embodying 
improved  methods  of  handling  piling  and  improved  structural  design, 
especially  with  respect  to  bracing,  with  a  view  to  their  acceptance 
as  standard  practice. 

6.  Undertake,  in  cooperation  with  all  interested  parties,  the  prep- 
aration of  a  standard  specification  covering  the  selection,  treatment 
and  inspection  of  Douglas  fir  piling. 

For  the  San  Francisco  Bay  Marine  Piling  Committee: 
(Signed)  F.  D.  Mattqs, 
£.  M.  Blake, 
Br.  C.  A.  Korom, 
C.  L.  Hill, 
Sub-committee  on  Preparation  of  Xteport. 
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APPENDIX  A 

lalst  of  Oontribntors  to  the  Fund  of  the  San.Fnuicisco  Bay  Marine 
Piling  Committee 

Atchison,  Topeka  and  Santa  Fe  B.  B. 

Associated  Oil  Co. 

Balfour,  Guthrie  &  Co. 

Bethlehem  Shipbuilding  Corporation. 

Board  of  State  Harbor  Commissioners. 

California  and  Hawaiian  Sugar  Befining  Co. 

Colman,  J.  M.,  Co. 

Coos  Bay  Lumber  Co. 

Hammond  Lumber  Co. 

Martinez,  City  of 

McCormiek,  Chas.  B.,  &  Co. 

Moore  Shipbuilding  Co. 

Mountain  Copper  Co. 

Northwestern  Pacific  B.  B. 

Pacific  Creosoting  Co. 

San  Francisco-Oakland  Terminal  B78. 

San  Francisco-Sacramento  B.  B. 

Shell  Company  of  California. 

Southern  Pacific  Co. 

Union  OH  Co. 

Western  Pacific  B.  B. 
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APPENDIX  B 
San  Fraadsco  Bay  Marine  Piling  Snxvey 

PBELIMINABY  QUESTIONAIEE 
(To  he  answered  separately  for  each  structure) 

1.  Name  of  company  and  officer  reporting;  address;  date. 

2.  Name,  if  any,  of  dock  or  other  structure;  and  ownership  if  not 
as  under  No.  1. 

3.  Location  of  structure.    Date  when  first  built. 

4.  Give  plan  of  structure,  showing  especially  its  projection  from 
shore. 

5.  Give  profile  of  structure,  showing  water  depth  from  shore  line  to 
outer  end,  for  mean  low  and  mean  high  tides. 

6.  Give  for  piling  under  structure:  kind  (when  of  wood,  also  species 
and  whether  treated  or  untreated),  number  (of  each  kind),  age,  con- 
dition. 

7.  Are  marine  borers  attacking  piling  under  this  structure!  If  so, 
how  serious  is  the  attack?  If  not,  are  they  active  anywhere  in  the 
immediate  vicinity! 

8.  Have  you  any  data  to  show  the  life  of  untreated  wooden  piling 
in  this  structure  or  location!  How,  if  any,  does  that  life  vary  from 
shore  line  to  outer  end  of  structure! 

9.  What  steps  have  been  taken  to  protect  this  piling!  Give  dates, 
extent,  and  cost  of  repairs  or  replacements  due  to  borer  attack. 

10.  If  piles  are  creosoted,  have  you  any  records  of  treatment  avail- 
ably for  study! 

11.  If  there  are  coverings  or  other  protections  aside  from  creosote, 
describe  them. 

12.  If  piles  are  entirely  of  other  construction  than  wood,  what  are 
they! 

13.  Can  you  give  any  further  detailed  information,  such  as  salinity 
measurements,  tidal  and  current  movements,  sewage  or  debris  present 
in  surrounding  water,  experiments  which  you  have  conducted,  test 
specimens  installed,  etc.! 

14.  If  desired,  will  you  help  in  getting  information  such  as  under  13! 

15.  Can  you  give  assistance  in  the  examination  of  your  structures 
for  this  survey! 

16.  Have  any  reports  been  made  on  this  structure!  If  so,  can  a 
copy  be  furnished  for  use  in  the  survey!    Photographs! 

17.  Will  any  piling  be  removed  under  your  jurisdiction  within  the 
next  two  or  three  months!    Location  and  probable  date  of  removal! 

18.  What  is  your  estimate  of  the  total  damage,  in  terms  of  repairs 
or  replacements,  to  date! 

Please  use  a  separate  sheet  for  each  structure,  and  address  reply  to 
District  Forester, 
U.  S.  Forest  Service, 

Ferry  Building,  San  Francisco, 


Attention  G.  L.  Hill. 


California. 
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APPENDIX  O 

InstructioiiB  for  Corporators  in  tho  Marino  Borer  Snrvoy  of  San 
Francisco  Bay 

I.  DETERMINING  THE  SALINITY  OF  WATER 

Obtaining  Water  Samples 

Sampling. — Samples  of  water  should  be  taken  always  at  the  same 
determined  stations.  It  is  suggested  that  stations  not  already  estab- 
lished at  the  date  of  receipt  of  these  instructions  be  selected  in  con- 
sultation with  the  Forest  Service  engineers.*  Samples  should  be  taken 
at  least  once  each  week,  from  both  the  surface  and  near  the  bottom, 
and  at  both  high  and  low  tide.  This  will  make  not  less  than  four 
samples  for  each  station,  at  each  weekly  (or  more  frequent)  period. 
Care  should  be  taken  to  take  the  bottom  samples  each  time  at  the  same 
distance  from  the  bottom  (say  1  foot).  This  can  best  be  accomplished 
by  driving  a  nail  in  the  structure  from  which  the  sampling  is  done,  at 
a  convenient  point  to  the  operator,  and  after  determining  the  proper 
depth  at  the  first  sampling,  to  record  the  length  of  line  used  and 
indicate  it  by  a  knot  in  the  line ;  then  drop  the  sampling  bottle  always 
to  the  same  depth  from  the  nail  for  the  bottom  sample. 

Apparatus. — Salinity  samples  may  be  taken  either  with  a  special  lead- 
weighted  copper  salinity  bottle  such  as  that  used  by  the  S.  P.  Co.,  or 
with  any  suitable  stout  glass  bottle  of  12-ounce  to  1-pint  capacity, 
weighted  so  as  to  permit  its  sinking  when  empty.  The  common  12- 
ounce  citrate  of  magnesia  bottle  is  excellent.  If  a  glass  bottle  is  used 
it  must  be  supplied  with  a  solid  stopper,  through  which  a  stout  wire  is 
driven  and  clinched  on  the  under  side,  while  the  protruding  end  on  the 
upper  side  is  formed  into  a  small  ring.  The  lowering  cord  is  then  4:ied 
securely,  say  a  foot  from  its  end,  to  the  ring  in  the  stopper  wire,  and 
the  end  of  the  cord  fastened  tightly  around  the  neck  of  the  bottle  so 
as  to  allow  a  few  inches  of  slack  between  neck  fastening  and  stopper 
ring.  The  friction  of  the  stopper  will  permit  the  lowering  of  the  closed 
bottle  to  the  desired  depth  in  the  water,  where  it  can  be  unstoppered 
by  a  quick  jerk  of  the  line.  Should  premature  pulling  of  the  stopper 
occur,  it  can  be  detected  by  the  too  early  appearance  of  bubbles  due 
to  filling.  If  the  citrate  of  magnesia  pattern  is  not  used,  the  bottle 
should  in  any  case  be  as  small-necked  as  will  permit  the  proper  wiring 
of  the  stopper,  in  order  to  avoid  contamination  of  the  sample  by  inwash 
of  shallow  water  while  raising  the  bottle. 

Storage. — Each  sample  of  water  should  be  transferred  from  the 
sampling  bottle  to  a  thoroughly  cleaned  and  drained  storage  bottle  of 
approximately  the  same  size,  preferably  glass  stoppered,  which  should 
be  tag-labeled  with  the  number  or  name  of  station,  date  and  hour  of 
sampling,  state  of  tide,  whether  sample  is  from  top  or  bottom,  and,  for 
the  latter,  the  height  from  bottom  and  approximate  depth  below  surface 
at  which  taken.  Analysis  of'  the  samples  can  then  be  made  at  con- 
venience, except  that  analysis  results  should  be  sent  in  currently,  with- 
out too  great  delay. 

Shipping. — If  the  water  samples  must  be  transported  by  common 
carrier,  to  the  laboratory  or  otherwise,  a  case  constructed  in  accordance 
with  the  accompanying  diagram  will  be  found  to  combine  a  high  degree 
of  safety  and  convenience. 


*  Address  by  letter,  District  Forester,  Ferry  Building,  San  Francisco,  California, 
attention  C.  L.  Hill;  telephone  Kearny  5869. 
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Analysis. — The  method  selected  as  best  adapted  to  our  needs  is  the 
Mohr  method  of  determination  of  chlorine  by  titration  with  silver 
nitrate,  with  a  numerical  modification  designed  to  permit  the  reading 
of  results  in  parts  of  chlorine  per  1000  parts  of  water  analyzed,  from 
the  burette  reading  of  c.c.  of  silver  nitrate  solution  required  for  re- 
action, with  the  least  possible  amount  of  computation. 

Preparation  of  Solutions. — ^Prepare  a  standard  solution  of  silver 
nitrate  by  dissolving  23.9545*  grams  of  chemically  pure  crystals  of 
silver  nitrate,  which  has  first  been  carefully  dried,  in  distilled  water 
to  make  exactly  1000  c.c.  Also  prepare  a  10  per  cent  solution  of  chem- 
ically pure  potassium  chromate,  which  will  be  used  as  an  indicator  to 
show  the  end  of  reaction. 

Testing  of  Standard  Silver  Nitrate  Solution  for  Standard  Strength, — 
This  should  be  done  at  frequent  intervals  as  follows:  Dissolve  0.0824 
grams  of  chemically  pure  dried  sodium  chloride  in  any  convenient 
amount  of  distilled  water.  This  amount  of  sodium  chloride  will  require 
exactly  10  c.c.  of  standard  solution  of  silver  nitrate  for  complete  re- 
action. Add  to  the  sodium  chloride  solution  a  few  drops  of  potassium 
chromate  indicator,  as  above  prepared.  Then,  drop  by  drop,  from  a 
burette  add  the  silver  nitrate  solution  to  be  tested,  stirring  constantly 
until  the  appearance  of  the  permanent  red  color  of  silver  chromate 
indicates  that  the  reaction  is  complete.  If  more  or  less  than  10  c.c. 
of  the  silver  nitrate  solution  is  required  to  complete  reaction,  repeat  the 
test  and  record  the  average  ratio  of  standard  to  actual  amount  (e.g., 
if  9.5  c.c.  are  used,  ratio  =  10/9.5  £=1.0526),  to  be  applied  as  a  cor- 
rection factor  to  all  burette  readings  with  that  lot  of  solution. 

It  should  be  borne  in  mind  that  there  is  a  large  source  of  possible 
error  in  the  judgment  of  the  point  at  which  the  red  indicator  color 
becomes  permanent.  The  titration  should  proceed  slowly  and  with 
great  caution  as  soon  as  red  begins  to  appear. 

To  Analyze  Water  Sample  for  Salinity. 

1.  Filter  sample  of  water  to  be  tested,  if  turbid. 

2.  Weigh  out  5  grams  of  the  filtered  sample,  on  a  balance  sensitive 
to  1/10  milligram,  and  add  to  it  25  or  30  c.c.  of  distilled  water. 

3.  Add  10  drops  of  the  10  per  cent  potassium  chromate  indicator. 

4.  From  a  burette  graduated  to  1/10  c.c.  add  standard  solution  of 
silver  nitrate,  a  drop  at  a  time,  and  stir  constantly  until  the  end  of 
reaction  is  indicated  by  appearance  of  permanent  red  color.  Then 
carefully  take  burette  reading. 


*  On  the  basis  of  1920  international  atomic  weights.  This  solution  strength  is 
based  on  the  amount  required  for  a  decinormal  solution  (16.989  grams)  multiplied 
by  the  factor  5/8.546,  which  is  derived  as  follows:  In  the  method  for  analysis  of 
water,  as  set  forth  below,  assume  the  use  of  a  decinormal  solution  of  silver  nitrate; 
then  each  c.c.  of  the  decinormal  solution  would  represent  0.008546  grams  of  chlorine 
in  the  reaction.  Now  let  a  =  the  number  of  c.c.  of  decinormal  solution  required  for 
complete  reaction  on  h  grams  of  water  taken  for  test.     Then 

a  X  0.003546  X  1000   _    a  X  3.546  _ 

b  ""    6  ~ 

parts  of  chlorine  in  1000  parts  of  water  as  analysed.  If,  now,  the  strength  of  the 
silver  nitrate  solution  be  increased  to  5/3.546  times  that  of  a  decinormal  solution, 
the  parts  of  chlorine  per  1000  parts  of  water  will  be  given  by  the  ratio 

aX  5 
b 
or  the  number  of  c.c.  of  standard  silver  nitrate  solution  required  for  complete  re- 
action multiplied  by  the  ratio  of  5  over  the  number  of  grams  of  water  analyzed.  If, 
then,  5  grams  of  water  be  taken  for  analysis,  the  parts  of  chlorine  per  1000  of 
water  will  be  given  directly  by  the  number  of  c.c.  of  silver  nitrate  solution  required 
for  complete  reaction,  without  further  computation,  as  used  in  the  analysis  method. 
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This  analysis  should  be  repeated  at  least  three  times  on  each  sample 
and  the  average  of  results  taken,  unless  the  first  two  analyses  agree. 

5.  Assuming  that  the  silver  nitrate  solution  is  of  standard  strength 
and  that  5  grams  of  water  are  taken  for  analysis,  then  the  number  of 
e.c.  of  silver  nitrate  solution  required  for  complete  reaction  will  repre- 
sent the  parts  of  chlorine  per  1000  of  water  analyzed,  without  further 
computation. 

6.  By  reference  to  the  international  hydrog^aphic  tables*  the  parts 
of  chlorine  per  1000  (column  1,  marked  **C1")  can  be  read  directly 
into  total  salinity  (column  2,  marked  "S").  This  "salinity*'  repre- 
sents the  oceanic  portion  of  bay  waters  only  and  neglects  the  stream 
and  seepage,  or  land  water,  contributions,  since  the  marine  borers  are 
only  adapted  to  the  normal  saline  complex  of  sea  water.f  All  salinity 
results  for  this  survey  should  be  represented  in  terms  of  this  calcu- 
lation of  total  salinity,  in  parts  per  1000,  in  accordance  with  these 
tables. 

Current  Becord  and  Disposition. — The  results  of  each  weekly  or  other 
periodic  analyses  should  be  tabulated  in  triplicate  against  the  data 
obtained  from  the  tag-label  of  each  water  sample.  One  copy  may  then 
be  kept  by  the  cooperator,  while  the  remaining  two  are  to  be  mailed 
to  the  U.  8.  Forest  Service,  Ferry  Building,  San  Francisco,  Calif.,  atten- 
tion of  C.  L.  Hill,  by  whom  one  set  of  all  analyses  will  be  sent  to 
Professor  C.  A.  Kofoid  at  the  University  of  California  for  use  in  the 
biological  studies. 

II.  TEST  PIECES 

For  the  purpose  of  recording  the  activity  of  borers,  test  pieces  of 
untreated  timber  will  be  planted  at  points  to  be  selected  by  the 
Committee  or  the  engineer  of  the  survey.  Specifications  for  making 
these  test  pieces  are  given  on  the  accompanying  diagram.  The  pieces 
can  be  put  down  securely  by  pushing  the  end  slightly  into  the  mud  and 
tacking  the  top  to  a  convenient  point  on  the  structure  by  which  the 
test  station  is  located. 

The  use  of  such  test  pieces,  as  described  below,  is  the  best  means 
so  far  devised  to  make  possible  continuous  information  respecting  the 
inception,  character,  and  rate  of  progress  of  a  marine  borer  attack  at 
a  specified  point,  and  therefore  a  judgment  respecting  the  probable 
condition  of  and  the  degree  of  danger  to  adjacent  structures.  For 
this  purpose  one  test  piece  should  be  installed  each  month,  beginning 
preferably,  in  this  climate,  with  the  calendar  year  or  some  time  during 
the  rainy  season,  while  the  salinity  is  lowest  in  bay  areas  aflfected  by 
land  water  discharge.  Each  month  there  should  then  be  taken  off  from 
all  the  test  pieces  previously  installed  the  bottom  saw-cut  section  (Or 
that  one  whose  position  has  been  next  above  the  mud  line),  together 
with  the  attached  redwood  block.  Except  in  the  case  of  the  first  test 
piece  put  down,  there  is  no  need  of  keeping  a  given  piece  in  position 
more  than  one  year.  There  will  then  be  obtained  each  month  as  many 
test  sections  as  the  number  of  months  during  which  the  test  has  been 
in  progress,  up  to  one  year,  and  after  that  a  continuing  series  of  12 
sections,  of  which  one  was  installed  during  each  month  of  the  preceding 
year.     To  give  continuing  information   on  the  relative  intensity  of 


*  "Hydrographische  Tabellen"  by  Martin  Knudsen ;  prepared  under  the  authority 
and  direction  of  the  International  Council  for  the  Exploration  of  the  Sea.  Pub- 
lished by  G.  E.  C.  Gad,  Copenhagen,  1901.  The  formula  on  which  these  tables  are 
based  Js:  S  =  1.8050  CI  +  0.030. 

+  Therefore  determination  of  the  salinity  of  brackish  waters  by  the  weight  of 
solids  left  on  evaporation  is  not  valid  for  the  purposes  of  the  Marine  Borer  Survey. 
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attack  at  different  levels,  the  first  piece  put  down  should  have  the  saw- 
cuts  extend  not  over  half  through  the^  width  of  the  piece,  so  as  to 
leave  a  substantial  strip  fo  suppbrt  all  the  remaining  saw-cuts  at  their 
original  level  as  long  as  it  is  not  destroyed  by  borers.  The  value  of 
such  a  record,  as  much  from  the  engineering  and  commercial  standpoint 
as  from  the  scientific,  is  many  times  more  than  its  cost. 

For  purposes  for  which  the  above  method  is  deemed  too  elaborate 
or  costly,  useful  information  can  be  secured  by  installing  two  test 
pieces  at  each  station.  The  monthly  sections  are  then  taken  from  one 
piece  and  the  other  is  left  intact,  an  examination  of  the  latter  being 
made  whenever  sections  are  taken  from  the  former. 

Test  stations  should  be  located  at  the  points  of  most  rapid  and 
severe  attack.  Such  points  can  usually  be  anticipated  as  the  points  of 
most  rapid  current,  or  in  the  absence  of  current,  of  tidal  flow,  and  in 
the  deeper  water. 

Test  sections,  as  removed,  should  be  labeled  with  the  name  or  other 
designation  of  the  station,  the  test  piece  and  saw-cut  section  numbers, 
and  the  dates  of  installation  and  removal.  Those  to  be  used  for  the 
purposes  of  the  San  Francisco  Bay  Marine  Piling  Survey  should  be 
wrapped  securely  and  mailed  to  Professor  C.^  A.  Kofoid,  East  Hall, 
University  of  CaJifornia,  Berkeley,  California. 

III.  SPECIMENS  OF  WOOD  AND  BORERS 

Specimens  showing  the  borers  present,  or  illustrating  the  nature  and 
progress  of  attack,  are  desired  from  as  many  localities  as  possible. 
Such  specimens  will  be  valuable  for: 

1.  Piling  or  other  wooden  structures  which  will  throw  light  on  date 
of  invasion  or  rate  of  destruction  in  any  locality. 

2.  Invaded  piling  or  structures  giving  similar  information,  especially 
in  territory  hitherto  exempt  from  borers. 

Specimens  should  be  accompanied  by  complete  data.  The  specimens 
may  be  of  two  kinds: 

1.  Wet  specimens  containing  the  living  or  undried  animals.  These 
should  not  exceed  12  inches  in  length,  and  should  be  selected  to  exhibit 
typical  areas  of  heavy  destruction  of  the  different  kinds  of  borers. 
They  may  be  from  either  service  piles  and  timbers  or  planted  check 
timbers.  Specimens  should  be  sawed  and  split  out  with  care  and  placed 
promptly  in  formalin  (or  formaldehyde)  in  a  tub  or  pail.  Formalde- 
hyde can  be  obtained  at  any  drug  store  and  comes  of  a  strength  of 
approximately  40  per  cent.  A  dilution  to  about  1  part  formalin  (as 
purchased)  to  20  parts  of  water  (salt  or  fresh)  will  pickle  the  animals 
in  place  in  the  wood  in  twenty-four  hours.  The  sample  may  be  left 
indefinitely  in  the  formalin  without  harm.  For  shipment  the  sample 
may  be  wrapped  while  wet  in  a  heavy  covering  of  newspapers  and 
shipped  promptly,  preferably  in  a  tin  or  other  tight  box. 

2.  Dried  sections  not  exceeding  18  inches  in  length,  with  invading 
borers  dried  in  place,  or  their  shells,  whenever  possible.  Specimens 
should  be  protected  for  shipping  by  wrapping  with  burlap  or  a  heavy 
covering  of  paper  and  suitably  boxing  them.  Specimens  of  this  kind 
have  a  great  deal  of  value,  if  properly  prepared  and  protected,  and 
should  not  be  neglected,  especially  when  wet  specimens  containing  the 
living  animals  are  not  available. 

All  specimens  for  the  determination  of  the  borers  at  work  in  each 
locality  should  be  sent  by  parcel  post  or  express,  prepaid,  to  Professor 
C.  A.  Kofoid,  East  Hall,  University  of  California,  Berkeley,  California. 
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IV.  EECORDS  OF  PILING  OB  OTHER  STRUCTURES  ATTACKED 
BY  MARINE  BOBEBS  IN  SAN  FEANCISCO  BAY 
OB  TBIBUTABIES 

Authentic  records  giving  the  essential  information  in  regard  to  past 
developments  in  borer  infestation  will  be  invaluable.  Such  records, 
like  the  specimens,  will  be  valuable  for  either: 

1.  Piling  or  other  wooden  structures  which  will  throw  light  on  the 
date  of  invasion  or  rate  of  destruction  in  any  locality. 

2.  Invaded  piling  or  other  structures,  giving  similar  information,  in 
territory  hitherto  exempt  from  borers. 

Bulky  reports,  or  other  documents ,  which  it  is  not  feasible  to  copy.  If 
by  any  chance  you  have  an  extra  copy  which  you  can  forward  to  the 
U.  S.  Forest  Service,  Ferry  Building,  San  Francisco,  California,  atten- 
tion of  Mr.  C.  L.  Hill,  do  so.  If  you  have  no  such  extras,  please  send 
to  Mr.  Hill  a  list  of  the  reports  which  you  have,  with  brief  description, 
giving  for  each  title,  material  covered  if  not  sufficiently  given  by  the 
title,  author,  date,  number  of  pages,  and  whether  you  could  send  it  to 
the  Forest  Service  as  a  loan,  if  desired,  and  for  how  long,  or  if  not,  it 
could  be  used  for  consultation  at  your  office. 

Reports  made  or  which  you  could  make  specifically  for  this  survey.  Are 
there  any  important  or  interesting  phases  of  the  marine  borer  infes- 
tation which  you  could  report  on  for  the  benefit  of  those  who  are 
working  on  the  survey!  Advise  Mr.  Hill  about  it.  Such  records  or 
reports  should  cover,  or  at  least  not  overlook,  all  the  points  listed  in 
the  questionaire  recently  issued,  and  which  were,  with  slight  modifi- 
cation,  as  follows.     [Omitted  here;  see  Appendix  B.] 

In  addition  to  the  above  information  (or  if  that  has  already  been 
reported,  a  reference  to  such  report),  these  reports  should  give  all 
possible  light  respecting  kind  of  borer  and  nature  of  working  (especi- 
ally by  specimens,  on  which  see  above);  location  of  working  or  of 
marignal  and  most  severe  zones  of  attack,  respectively,  with  respect  to 
mud  line,  low  and  high  tide  depth,  etc.;  as  well  as  nature  of  exposure 
with  respect  to  tide  currents,  fresh  water  seepage,  sewage  influx,  debris 
breeding  centers,  or  any  other  factors  which  you  believe  may  have 
affected  the  life  and  attack  of  the  borers  in  the  material  in  question. 

Whenever  possible  all  reports  prepared  specially  for  this  survey 
should  be  prepared  in  triplicate,  so  that  one  copy  can  be  sent  to  the 
U.  S.  Forest  Service,  Ferry  Building,  San  Francisco,  attention  of  C.  L. 
Hill,  and  another  to  Professor  C.  A.  Kofoid,  East  Hall,  University  of 
California,  Berkeley,  California. 

Msicellaneous  observations  and  notes.  Notes  on  anything  which  in- 
terests you  in  respect  to  the  marine  borer  situation  will  probably  be  of 
interest  for  the  survey,  and  may  be  exactly  the  point  missed  by  others. 
Dictate  memoranda  on  all  such  points  and  send  them  in  to  the  Forest 
Service.  We  can  better  afford  to  have  some  such  material  which  is  not 
used  than  to  miss  important  information  by  neglecting  such  notes. 

Photographs.  Good  photographs  are  greatly  desired.  In  no  other 
way  can  many  things  be  told  so  plainly.  Many  photographs  will  be 
taken  in  the  course  of  the  survey;  but  if  we  knew  what  you  had  it 
might  save  time  and  money;  and  you  may  have  a  better  picture  of 
some  important  feature  than  anybody  else  will  ever  take.  If  your 
collection  is  not  too  extensive,  can  you  have  copies,  carefully  labeled. 
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made  and  sent  to  Mr.  Hill  at  the  Forest  Service!  If  that  is  not  feas- 
ible, will  you  write  him  about  it,  so  that  arrangements  can  be  made 
to  look  over  your  collection  and  get  copies  of  the  items  most  essential 
for  our  purpose! 

Issued  October,  1920,  for  the  San  Francisco  Bay  Marine  Piling 
Committee  of  the  American  Wood-Preservers'  Association,  by  Sub- 
•committee  on  Instructions: 

E.  M.  Blak£, 

F.  D.  Mattos, 

Professor  C.  A.  Kopoid,  University  of  California, 

T.  G.  TowNSEND,  Forest  Products  Engineer,  Engineer  of  Survey, 

C.  L.  Hill,  in  Charge,  Office  of  Forest  Products,  U.  S.  Forest 

Service,  San  Francisco,  ex  officio  as  Executive  Officer  of  the 

Committee. 


The  plates  which  follow  were  made  from  photographs  furnished  by 
«ooperator8  as  follows: 

Plate  1,  figure  1,  by  the  Union  Oil  Company. 
Plates  2  and  24  by  the  Shell  Oil  Company. 
Plate  3  by  the  Moore  Shipbuilding  Company. 
Plate  6  by  Mr.  Howard  C.  Holmes,  Consulting  Engineer. 
Plates  15,  21,  26  fig.  3,  and  27  by  the  Southern  Pacific  Company. 
Plate  23  by  the  U.  S.  Navy  Department,  Mare  Island  Yard. 
Plates  25  and  30  by  the  California-Hawaiian  Sugar  Befining  Com- 
pany. 

The  remaining  plates*  are  from  photographs  made  by  or  under  the 
direction  of  the  following  members  of  the  Committee: 

Mr.  F.  D.  Mattos  of  the  Southern  Pacific  Company. 

Mr.  T.  G.  Townsend  of  the  U.  S.  Forest  Service. 

Professor  Charles  A.  Kofoid  of  the  University  of  California. 


*  Except  plate  26,  figs.  1  and  2,  from  Caiman,  as  credited  in  figure  descrip- 
tions. 
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NUMBERS  AND  NAMES  FOB  MAP  OF  SAN  FBANOISOO  BAY 
AND  TEIBUTABIES 

1.  Antioch — A.  T.  ft  S.  F.  R.  R.  dock:  Municipal  dock. 

2.  Pitteburg — Small  docks. 

8.  Dutton — S.  F.- Sacramento  R.  R.  drawbridge. 

4.  Dutton — 8.  F.-Sacramento  R.  R.  trestle. 

6.  Chipps — S.  F.-Sacramento  R.  R.  ferry  slip. 

6.  Mallard — S.  F.-Sacramento  R.  R.  ferry  slip. 

7.  Bay  Point — Coos  Bay  Lumber  Co.;  Pacific  Coast  Shipbuilding  Co. 

8.  Avon — Associated  Oil  Co. 

9.  Martinez — General  Chemical  Co.;  Electrolytic  Zinc  Co.;  Mountain  Copper  Co.; 

American-Oriental  Co.;  Shell  Co.  of  California;  Municipal  wharf  and  ferry. 

10.  Benicia — U.   S.   Arsenal  pier. 

11.  Benicia — Kullman-Sals  Co.;  C.  W.  Home  A  Co.;  S.  P.  R.  R.  river  dock;  Mu- 

nicipal wharf  and  ferry. 

12.  Benicia — S.  P.  R.  R.  ferry 

18.  Benicia — U.  S.  Shipping  Board  pile  boom 

14.  Port  Costa — Associated  Oil  Co.;  S.  P.  R.  R.  ferry;  McXear  warehouses. 

15.  Port  Costa — Granger's  dock. 

16.  Crockett — Fort  Bragg  dock;   Banker's  dock;   California  and  Hawaiian  Sugar 

Refining  Co.;  6-Minute  ferry;  Matson  Navigation  Co.;  Port  Costa  Lumber  Co. 

17.  Vallejo  Junction — S.  P.  R.  R.  ferry  to  Vallejo. 

18.  Selby — American  Smelters  and  Securities  Co.  dock  (condemned). 

19.  Oleum — Union  Oil  Co. 

20.  Rodeo— 6-Minute  Ferry  to  Vallejo. 

21.  Hercules — Hercules  Powder  Co.;  Fernandes  wharf. 

22.  South  Vallejo — 6-Minute  Ferry  to  Crockett. 

28.  South  Vallejo — U.   S.  Navy  dyke  9;   Sperry  Flour  Co.;   S.  P.  R.  R.  ferry  to 
Vallejo  Junction;  ferry  to  Rodeo. 

24.  Vallejo — ^Various  small  docks  and  bulkheads;   Monticello  Steamship  Co.;   San 

Francisco.  Napa  and  Calistoga  R.  R. ;  S.  P.  R.  R.  ferry  to  Vallejo  Junction ; 
ferry  to  Navy  Yard. 

25.  Vallejo — U.  S.  Navy,  causeway. 

26.  Napa  Junction — Associated  Oil  Co. 

27.  Mare  Island — U.  S.  Navy  structures. 

28.  Mare  Island — U.  S.  Navy,  dyke  12. 

29.  Black  Point — Northwestern  Pacific  R.  R.  bridge;  State  Highway  bridge. 

80.  Petaluma — Small  docks  in  Petaluma;  Northwestern  Pacific  R.  R.  bridge. 

81.  Point  San  Pablo — ^Richmond  Belt  Railway. 
32.  Point  San  Pablo — Standard  Oil  Co. 

83.  Point  San  Pablo — California  Wine  Growers'  Association. 

84.  Point  Richmond — Standard  Oil  Co. 

85.  Point  Richmond — A.  T.  &  S.  F.  R.  R.  ferry. 

86.  Point  Richmond — Richmond  Municipal  wharf. 

87.  Tiburon — Northwestern  Pacific  R.  R.  ferry. 

88.  Sausalito — Northwestern  Pacific  R.  R.  ferry. 

89.  Angel  Island,  Fort  Baker,  Fort  Barry,  Fort  Scott,  Alcatras  Island,  Presidio, 

Fort  Mason — U.  S.  Army  docks. 

40.  Goat  Island — U.  S.  Naval  Training  Station. 

41.  San  Francisco — State  Harbor  Commission  piers  (odd  numbers). 

42.  San  Francisco — Ferry  slips. 

48.  San  Francisco— State  Harbor  Commission  piers  (even  numbers). 

44.  Oakland — Key  Route  pier  (S.  F.  &  O.  T.  Rys.). 

45.  Oakland — Union  Construction  Co.;   Albers  Milling  Co. 

46.  Oakland— S.  P.  R.  R.  ferry. 

47.  Oakland — Western  Pacific  R.  R.  ferry. 

48.  Alameda — S.  P.  R.  R.  ferry. 

49.  Oakland — Moore  Shipbuilding  Co. 

50.  Oakland — Structures  in  Estuary. 

51.  Alameda — Bethlehem   Steel  Corporation  shipyard. 

52.  Alameda — Alameda  County  bridge  to  Bay  Farm  Island. 
58.  Alameda — Alameda  Power  House  pier. 

54.  Hunters  Point — State  pile  boom. 

55.  Hunters  Point — Drydock. 

56.  South  San  Francisco — Shaw-Batcher  shipyard. 
67.  Dumbarton — 8.  P.  R.  R.  Dumbarton  cut-off. 

58.  Islais  Creek — Hammond  Lumber  Co.  pile  boom. 

59.  India  Basin — Sewer  outlet. 

60.  South  Basin — Bay  View  sewer  outlet. 


Digitized  by  LjOOQ IC 


Digitized  by  LjOOQ IC 


Digitized  by  LjOOQ IC 


American  Wood-Preservers'  Association  291 


PLATE     1 

Fig.  1.  One  of  the  first  docks  which  failed.  Oleum,  California, 
October  8th,  1919.  Several  loaded  freight  cars  were  plunged  into  the 
I  bay. 

Fig.  2.     Ferry  slip  at  South  Vallejo,  failed  November  4th,  1920. 

Fig.  3.  Municipal  Wharf  and  house,  Benicia,  California.  Collapsed 
October  7th,  1920. 
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PLATE   3 
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PLATE    4 

Fig.  1.  Piling  being  protected  by  Paraffine  Paint  method.  X.W. 
P.  R.R.,  1920. 

Fig.  2.  Pile  originally  protected  by  paint,  felt  and  battens,  de- 
stroyed by  Limnoria. 
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PLATE    5 

Fig.  1.  Lower  forms  used  in  Camp  process.  Note  metal  fingers  sup- 
porting cunvas  web,  to  keep  concrete  from  dropping  through. 

Fig.  2.  Pile  jacketed  with  cement  by  Camp  process,  being  pulled  for 
examination. 
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PLATE    6 

Fig.  1.  Holmes  wooden  stave  cylinders  being  driven  at  Pier  34,  San 
Francisco. 

Fig.  2.  Outer  end  of  Pier  34,  San  Francisco,  during  construction, 
showing  Holmes  cylinders. 
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PLATE    7 

Fig.  1.  Disintegration  in  concrete  composite  pile.  Probably  a  result 
of  poor  workmanship. 

Fig.  2.  Disintegration  in  concrete  jacket  placed  on  pile  previously 
covered  by  battens  and  paint.  Pile  attacked  by  Limtwria  where  cover- 
ings have  failed.     Most  of  the  concrete  jackets  in  this  pier  were  good. 
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PLATE    8 

Fig.  1.  A  raft  of  creosoted  piles  chained  together  by  means  of  raft- 
ing (logs.  Untreated  wood  will  be  exposed  to  attack  when  the  dogs  are 
pulled  out,  where  the  holes  come  in  the  water  section  of  the  piles. 

Fig.  2.  Creosoted  ferry  slip  piling,  attacked  by  Limnoria  where  creo- 
soted  zone  was  cut  through  in  construction. 
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PLATE    9 
Fig.  1.     Bolt  hole  in  creosoted  fender  pile,  enlarged  by  Limnoria, 
Fig.  2.     Creosoted  pile,  attacked  within  five  years  by  Limnoria  in  a 
spot  exposed  by  chopping. 
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PLATE     10 

Fig.  1.  Creosotod  pile  cut  off  too  close  above  the  water.  Limnoria 
attacking  top  of  pile  aud  the  corbel.  High  water  point  is  indicated  by 
the  barnacle  line. 

Fig.  2.  Section  vertically  through  center  of  pile  head  and  corbel 
shown  in  fig.  1.     Note  the  creosoted  shell  not  yet  attacked. 
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PLATE     1 1 

Fig,   1.     Pholadidea  gahhi  Conrad,  a  boring  mollusk  from  a  loose 
block  of  sandstone  at  Fort  Mason. 

.Fig.  2.  Sphacroma  pentodon  Avorking  on  surface  of  an  untreated 
pile  in  a  thick  scum  of  crude  oil  in  Monticello  8.S.  Company's  wharf  at 
Vallejo,  California,  November  9,  1920. 
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PLATE     12 


Fig.  1.  Creosote<l  Douglas  fir  pile  from  Pier  7,  San  Francisco,  de- 
stroyed near  the  mud-liue  by  Xi/lotrya  and  Limnoria,  Note  deviating 
direction  of  Xylotrya  burrow. 

Fig.  2.  The  same,  Xylotrya  burrows  only,  within  ereosoted  zone. 
Note  changes  in  direction. 
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PLATE     13 

Fig.  1.  Untreated  Douglas  fir  pile  from  Oakland  Municipal  Quay, 
east  of  Grove  Street  sewer,  driven  1913,  removed  October,  1920.  De- 
stroyed at  mud-line  by  Xylotriia,  surface  eroded  by  Limnoria. 

Fig.  2.     The  same,  end  view. 


Digitized  by  LjOOQ IC 


304  Seventeenth  Annual  Meeting 


PLATE    14 


Fig.  1.  Dolphin  pile  from  Bichmond  Municipal  Pier,  driven  Decem- 
ber, 1917,  broken  out  July,  1920.  Note  large  tubes  of  Xylotrya  and 
smaller  ones  of  Teredo  navalis,  and  erosion  by  Limtwri<i  at  breaking  leveL 
Sphaeroma  also  present.    Breaking  zone  exposed  at  low  tide. 

Fig.  2.     Section  of  same  pile,  one  foot  above  break. 
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PLATE    15 

Untreated  Douglas  fir  pile  from  16-pile  dolphin  at  Southern  Pacific 
Alameda  Mole,  driven  February,  1919,  removed  November,  1920,  on 
account  of  destruction  at  mud-line  by  Xylotryay  Limnoria  and  Teredo 
navalis. 
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PLATE    16 
Xylotrya  sctacea  Tryon,  entire  animal  removed  from  burrow. 


Digitized  by  LjOOQ IC 


American  Wood-Preservers'  Association  307 


PLATE    17 
Pallets  and  siphons  of  Xylotrya  setacea  Tryon.     Magnified  slightly. 
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PLATE    18 

Fig.  1.     ADterior  end  of  Xylotrya  setacea  Tryon,  showing  shell  and 
foot.     X  2.5. 

Fig.  2.     Shells  of  same,  slightly  enlarged. 
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PLATE    19 
Teredo  diegensis  Bartsch. 
Fig.  1.     Posterior  end  shoAving  pallets  and  siphons.     Enlarge<l. 
Figs.  2  and  3.     Pallets.    Enlarged. 

Fig.  4.     Entire  animal,  showing  shell   and  brood  sac   with  enclosed 
larval  stages.     Enlarged. 


Digitized  by  LjOOQ IC 


310  Seventeenth  Annual  Meeting 


PLATE    20 

Fig.  1.  Surfax-e  of  an  untreat<?(l  fender  pile  from  wharf  of  Mountain 
Copper  Company,  Martinez,  California,  pulled  November  11,  1920,  show- 
ing barnacles  and  dead  stems  of  hydroids.  Openings  into  burrows  of 
Teredo  navaJis  appear  as  minute  pores  between  the  barnacles.  Natural 
size. 

Fig.  2.  Badial  section  through  same  pile,  outer  part  of  four-inch 
penetration.     Natural  size. 
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PLATE    21 


BreakinfT  point  of  a  6  by  8  Douglas  fir  test  timber  planted  July  1, 
1920,  at  Southern  Pacific  wharf,  Port  Costa,  California,  in  15  feet  of 
water.  Removed  December  8,  1920,  breaking  3V^  feet  above  mud-line. 
Teredo  navalis  in  place  in  burrows. 
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PLATE    22 


Fig.  1.  Green  Douglas  fir  pile  driven  without  previous  exposure  to 
sea  water,  August  14,  1920,  at  Mare  Island  Navy  Yard,  California, 
pulled  October  18,  1920,  showing  2Mj-inch  penetration  by  Teredo  navalis. 

Fig.  2.  A  similar  pile  coated  with  solid  asphalt,  grade  D,  applied 
hot,  showing  2-inch  penetration  by  Teredo. 
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PLATE    23 

Fig.  1.  Cross  section  of  Douglas  fir  pile  from  Station  6000,  Dike  12, 
Mare  Island,  pulled  April,  1920,  showing  ravages  of  Teredo  navalis 
superposed  on  the  larger  burrows  of  Xylotrya. 

Fig.  2.  Green  Douglas  fir  pile  driven  at  Mooring  Z,  Mare  Island, 
August  14,  1920,  and  pulled  December,  1920,  showing  4-inch  penetration 
by  Teredo  navalis. 
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PLATE    24 

Fig.  1.  Fender  pile  of  Douglas  fir  from  wharf  of  Shell  Oil  Co., 
Martinez,  California,  pulled  November  5,  1920.  showing  penetration  of 
Teredo  nuvalis  in  1920 (?)  at  ten  equidistant  sections.  Distance  from 
mud  line  to  high  water,  29  feet. 

Fig.  2.  Brace  pile  from  same  in  26  feet  of  water.  Downstream 
exposure  at  left. 
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PLATE    25 

Fig.  1.  Douglas  fir  pile  driven  January,  1920,  pulled  May,  1920,  at 
California-Hawaiian  Sugar  Refinery,  Crockett,  California,  showing  2-inch 
penetration  by  Teredo  navalis  in  3^2  months  or  less.  Breeding  season 
therefore  apparently  begins  not  later  than  late  in  March. 

Fig.  2.  Old  piling  at  Banker's  Warehouse  at  Crockett,  showing  bur- 
rows of  Xylotrya  setacea  and  attack  of  Teredo  navalis  (at  right). 
Pulled  December  2,  1920. 
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PLATE    26 

Fig.  1.  Burrows  of  a  shipworm.  A  wire  passed  into  one  of  the 
burrows  showing  a  change  of  direction  on  approaching  a  neighboring 
burrow.     After  Caiman   (1919). 

Fig.  2.  Stages  in  development  of  the  shipworms.  A,  Free-swimming 
or  larval  stage.  B,  Creeping  stage  after  settling  on  surface  of  wood. 
C,  Stage  shortly  after  beginning  to  burrow.  (A,  Teredo^  after  Quatre- 
fagos.  B  and  C,  Xylol ryOy  after  Sigerfoos.  All  much  enlarged.)  From 
Caiman   (1919). 

Fig.  3.  Initial  attack  of  larval  stages  of  Teredo  jiavalis  >on  experi- 
mental piling  planted  July  1,  1920,  at  Southern  Pacific  wharf.  Port 
Costa,  examined  August  4,  1920,  magnified  10  and,  24  diameters. 
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PLATE    27 

Destructive  action  of  Teredo  navalis  on  a  Douglas  fir  6  by  8  timber 
planted  at  Southern  Pacific  wharf,  Port  Costa,  California,  July  1,  1920. 
First  larvae  detected  on  August  4th.  Timber  removed  December  8th, 
1920. 

Fig.  1.     Section  10  feet  2  inches  above  mud -line. 

Fig.  2.     Section  6  feet  6  inches  above  mud-line. 

Fig.  3.     Section  6  inches  above  mud-line. 

Note  contrast  between  inshore  (right)  and  offshore  (left)  sides  in 
the  intensity  of  attack  and  destruction. 
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PLATE    28 
Fig.  1.     Pallets  of  Xylotrya  setacea.    Natural  size. 
Figs.  2-4.     Teredo  luivalis  from  Port  Costa.    Fig.  2,  Pallets,  enlarged. 

Fig.   3,  posterior  end   showing  pallets   and   siphons,  enlarged.     Fig.   4, 

entire  animal,  tAvo-thirds  natural  size. 
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PLATE    29 
Fig.  1.     Shells  of  Teredo  navalis. 

Fig.  2.     Anterior  or  head  end  of  Teredo  navaliSf  showing  shell,  cen- 
trally located  foot.     Enlarged  about  5   diameters. 
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PLATE    30 

Graphs  of  average  number  of  miles  per  trip  upstream  of  wat^r  barges 
of  California-Hawaiian  Sugar  Refinery  at  Crockett,  California,  1908- 
1920.     Sudden  change  in  August,  1920,  due  to  change  in  source. 
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PLATE    31 
Limnoria  Ugnorum    (Rathke) 
Figs.   1-4.     Young  stages. 
Figs.  6,  7  and  9.     Females  with  eggs. 
Magnified  11  'Mameters. 
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PLATE    32 

Limn-oria  in  place  attacking  wood.     Ilydroids  on  the  outer  surface 
(right).     Magnified  5  diameters. 
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PLATE    33 

Tig.  1.  Untreated  Orepfon  fir  fender  pile  one  montfi,  July,  1920,  in 
Municipal  Quay,  Oakland  Estuary.  Initial  attack  of  Limnoria.  Natural 
size. 

Fijf.  2.  Untreated  Oregon  fir  pile  in  Southern  Pacific  Oakland  Mole. 
Deeper  penetration  by  Limnoria. 

Fig.  3.  Untreated  Oregon  fir  fender  pile,  Oakland  Municipal  Quay, 
driven  1913,  removed  1920.    Limnoria  attack  uncovering  Xylotrya  tubes. 
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PLATE    34 

Fig.  1.  Untreated  square  Oregon  fir  timber,  San  Francisco,  Pier  7, 
November  3,  1920.  Radial  surface  showing  erosion  by  Limnoria  between 
the  harder  part  of  the  annual  rings.     One-fourth  natural  size. 

Fig.  2.     Tangential  face  of  the  same  timber. 
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PLATE    35 

Fig.  1.  ChcJura  terebrans,  male,  from  Charleston,  S.  C,  dorsal  view. 
X  11. 

Fig.  2.     Lateral  view  of  same.     X  11. 

Figs.  3  and  4.     Dorsal  and  ventral  views  of  female  Chelura,     X  5. 

Fig.  5.  Dorsal,  lateral,  and  ventral  view  of  SpJiaercnna  pentodon 
Bichardson. 
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PLATE    36 
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FACTORS  controlling  THE  DISTRIBUTION  AND 
RAVAGES  OF  THE  MARINE  BORERS 

By  Charles  A.  Kofoid* 

Man's  control  of  nature  is  the  function  of  his  scientific  knowledge 
of  the  forces  and  factors  operating  in  the  domain  he  seeks  to  control 
and  of  his  freedom  from  superstition  and  scientific  error.  His 
knowledge  operates  quantitatively  only  insofar  as  his  breadth 
may  increase  the  opportunities  for  him  to  apply  particular  factors, 
that  is,  qualitative  elements,  from  his  domain  of  science  to  par- 
ticular problems  which  ceaselessly  arise  in  the  realm  of  the  control 
which  he  is  endeavoring  to  expand.  Hence,  the  futility  and  folly 
of  every  attempt,  in  theory  or  practice,  to  separate  the  so-called 
pure  and  applied  sciences.  Pure  science  of  yesterday  often  becomes 
the  applied  science  of  today  and  becomes  available  solely  because  it 
was  sought  without  anticipation  of  its  application. 

The  story  is  told  of  an  eminent  mathematician  who  thanked  God 
that  he  had  completed  an  elaborate  formula  of  which  no  one  could 
ever  make  any  use.  This  formula  is  today  an  essential  factor  in 
the  equipment  of  the  electrical  engineer. 

Biologists  are  today  experimenting  with  the  effects  of  the  ductless 
glands  on  the  legs,  the  color,  and  the  sexual  activities  of  frogs  and 
salamanders.  Their  work  may  unlock  the  secrets  of  the  control  of 
some  human  deficiencies  and  even  come  near  to  the  secret  of  the 
fountain  of  eternal  youth. 

The  recognition  of  the  value  to  a  democracy  of  the  expert  unat- 
tached to  commercial  enterprise,  and,  therefore,  presumably  capa- 
ble of  an  unbiased  judgment,  is  becoming  increasingly  important 
as  the  democratic  movement  in  world  politics  progresses.  With  the 
rewards  available  under  the  present  industrial  regime,  it  becomes 
increasingly  necessary  to  attract  to  the  field  of  pure  science  men 
of  the  initiative,  energy,  enthusiasm  which  modern  business  de- 
mands of  its  devotees.  To  this  end,  it  is  essential  that  the  social 
rewards,  both  in  standing  in  the  community  and  recognition  of  his 
values  should  be  adequate  and  certain.  It  is,  indeed,  in  the  interests 
of  industry  itself  that  this  should  be  widely  recognized. 

It  is  well-known  in  the  chemical  field  that  the  German  dye  indus- 
try was  content  to  invest  its  resources  in  a  large  and  efficient  staff 
of  chemical  experts  whose  sole  duty  was  the  exploration  of  possi- 
ble resources  of  coal-tar  products.     Not  a  few  high-salaried  men 


^Professor    of    Zooloary,    Aasistant    Director    ScripiM    Institate    for    Biological 
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worked  years  in  this  industry  without  a  single  result  of  their  work 
entering  the  commercial  field,  but  this  method  gave  Germany  the 
mastery  of  the  dye  industry,  and  the  failure  to  observe  it  robbed 
Great  Britain  of  her  initial  control  thereof. 

A  few  years  ago,  one  of  our  leading  American  railways  which 
stores  its  idle  freight  cars  in  midsummer  on  prairie  sidings  in 
Illinois,  found  that  the  air  brakes  of  these  cars  were  invariably  out 
of  order  when  returned  to  service  and  the  wandering  hobo  who 
made  the  cars  his  temporary  tenement  was  charged  with  having 
maliciously  plugged  the  air  vent  with  mud.  The  problem  was  not 
solved,  however,  until  a  university  specialist  in  wasps  determined 
the  diameter  of  the  mud  dauber's  head  and  it  was  thus  possible  to 
preclude  his  use  of  the  air-brake  as  a  storage  house  for  stupefied 
spiders  on  which  he  was  feeding  his  larval  family. 

Qualitatively  important  factors  necessary  to  solve  industrial 
problems  can  be  most  certainly  found  when  the  pure  sciences  dis- 
passionately and  without  prejudice  of  interest  put  all  the  cards  on 
the  table.  The  more  practical,  as  ordinarily  understood,  is,  in  the 
long  run,  in  reality,  the  least  practical  course. 

It  is  fortunate,  indeed,  for  both  the  pure  and  applied  sciences  that 
engineers,  whose  training  and  interests  overlap  both  fields,  are  in  a 
particularly  fortunate  position  to  bring  to  the  attention  of  the 
industrial  agencies  with  which  they  are  associated  the  importance 
of  the  pure  sciences  in  education,  in  research,  and  to  industry. 

The  attack  on  the  problems  of  marine  borers  in  piling  affords  a 
happy  instance  of  the  intertwined  relations  of  various  sciences  with 
one  practical  industrial  problem,  and  of  the  interlacing  of  the  so- 
called  pure  and  applied  aspects  of  these  sciences.  For  the  solution 
of  the  problems  of  the  ultimate  adequate  control  of  these  borers,  it 
is  the  work  of  the  oceanographer  to  unravel  the  play  of  currents 
and  salinities,  of  the  physical  chemist  to  determine  the  hydrogen 
Ion  concentration,  of  the  biologist  chemist  to  determine  the  lethol 
elements  in  tar  acids  and  creosote,  of  the  engineering  chemist  to 
devise  methods  of  preserving  these  at  their  highest  efficiency  for 
the  longest  time  in  submerged  wood,  of  the  biologist  to  determine 
not  only  the  nature  and  distribution  of  the  borers  but  their  life 
histories,  including  the  rate  of  development,  modes  of  dispersal, 
methods  of  attack,  tropic  reactions  to  protective  substances  em- 
ployed, and  the  environmental  factors  which  control,  limit  or  modify 
the  distribution  and  ravages  of  these  enemies  of  industry. 

Civilized  man,  because  of  his  expanding  control  over  nature,  is 
ever  the  disturbing  factor  in  what  biologists  are  wont  to  term  the 
balance  of  nature,  which  is  that  adjustment  of  living  organisms  to 
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their  environment  which  gives  stability  and  continuity  to  the  life 
in  any  locality.  When  any  factor  of  this  organic  equilibrium  is 
moved,  all  others  readjust  to  meet  the  change.  Hence,  prairie  and 
forest,  river,  bay  and  even  the  inlets  of  the  ocean  itself  are  now 
and  again  transformed  in  their  fauna  and  flora  by  man's  control. 
The  bison  gives  way  to  the  Hereford  and  the  lupine  to  alfalfa. 

Man's  seafaring  habits  create  huge  cities  with  their  sewage  and 
industrial  wastes  at  all  great  inlets  and  estuaries  of  the  ocean.  He 
transplants  trees  of  the  forests  into  the  sea  for  his  wharves  and 
docks.  By  his  wooden  ships  and  lumber  industry  together  with  the 
garbage  and  wastes  of  his  cities  he  vastly  increases  the  amounts  of 
wood  exposed  to  salt-water  in  these  localities.  By  the  movement  of 
his  ships  with  their  circulation  systems  and  tanks  full  of  sea-water 
charged  with  the  larval  stages  of  the  marine  fauna  of  distant  ports 
he  creates  and  maintains  new  channels  for  distribution  and  inter- 
changing of  old  faunas.  Since  the  days  of  Raleigh  and  Columbus, 
of  Drake  and  Cook,  he  has  been  establishing  in  every  great  seaport 
a  fauna  as  cosmopolitan  as  his  shipping  and  trade  routes.  Thus 
every  great  seaport  is  a  center  of  faunistic  influence  spreading  to 
every  other  port  with  which  it  has  maritime  connections.  Every 
bit  of  wood  exposed  to  sea-water  in  our  merchant  ships,  and  every 
nook  and  cranny  of  the  pipe  of  the  circulation  system  of  a  great 
trans-oceanic  steamer  is  a  refuge  for  many  a  home-seeking  immi- 
grant which  may  people  distant  seas  and  harbors  with  its  kind. 
Thus  the  widening  circles  of  a  marine  catastrophe,  such  as  that 
which  has  taken  place  in  San  Francisco  Bay  in  the  last  year,  will 
sooner  or  later  lap  the  shores  of  many  a  distant  port. 

Nature  teems  with  life.  Every  available  shelter  affords  a  home 
for  some  organism  which  is  subtly  adapted  to  that  particular  type 
of  environment.  This  is  especially  true  of  the  sea  with  its  pelagic 
life  at  all  levels  adapted  to  changing  illumination  and  pressure,  its 
abyssal  fauna  living  in  eternal  darkness  and  in  a  temperature  but 
little  above  freezing,  and. its  littoral  fauna  living  in  the  dashing 
breakers  of  the  coast.  This  littoral  fauna  has  been  a  great  area  of 
evolution  of  animal  life.  It  is  the  region  of  greatest  diversity  of 
environmental  factors,  and  in  consequence,  of  the  widest  amplitude 
of  adaptability  on  the  part  of  its  constituent  fauna  to  the  widest 
range  of  environmental  influence,  such  as  a  movement  of  the  water, 
changing  and  shifting  bottom,  varying  chemical  conditions,  includ- 
ing that  of  salinity,  and  rapidly  repeated  temperature  changes 
which  accompany  the  phenomena  of  tides.  It  is  preeminently  the 
home  of  plastic,  readily  adaptable  organisms.  A  group  of  marine 
borers  is  included  in  this  plastic  association. 
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Our  great  harbors,  with  few  exceptions,  are  estuaries  of  the  sea, 
receiving  streams  and  having  fresh-water,  brackish-water,  and  salt- 
water areas  which  shift  with  the  tides,  and  are  subject  to  flood  and 
other  conditions  attendant  on  rainfall  and  run-off  of  the  tributary 
territory.  They  have,  therefore,  in  the  past  been  the  recipients  of 
driftwood  from  floods,  and,  long  before  man  sailed  the  seas  in  his 
wooden  ships,  they  were  the  homes  of  the  marine  borers  who  appro- 
priated this  wood  as  a  shelter  and  refuge.  They  have  adapted 
themselves  to  the  changeable  environment  in  which  this  shelter  is 
found,  an  environment  of  change  in  salinity,  temperature,  chemical 
conditions  and  food  supply,  and  have  adapted  themselves  to  an 
environmental  amplitude  which  is  the  greatest  in  the  whole  world 
of  marine  life.  Their  life  in  this  changeable  environment  has  en- 
dowed the  marine  borers  with  a  high  degree  of  adaptability  to 
extremes  of  temperature,  tidal  exposure,  salinity,  chemical  consti- 
tution of  the  water,  now  represented  by  sewage  and  industrial 
wastes,  to  varying  and  intermitting  food  supply  and  to  other 
marine  hazards. 

This  wide  range  of  adaptability  and  the  high  degree  of  resistance 
to  adverse  conditions,  as  compared  with  organisms  of  the  open  sea, 
facilitates  in  many  ways  the  dispersal  of  the  marine  borers  and  also 
their  attacks  upon  diflferent  woods  and  their  ability  to  penetrate 
some  forms  of  protection  and  to  enter  even  some  timbers  which 
have  undergone  protective  treatment.  It  is  also  a  factor  involved 
in  their  ability  to  rapidly  and  effectively  occupy  a  new  territory 
whenever  such  is  open  to  their  invasion. 

Prime  factors  affecting  the  growth  and  distribution  of  all  life 
are  food,  shelter,  and  temperature.  In  marine  environment,  there 
are  added  to  this  or  combined  with  them  as  subsidiary  factors, 
salinity,  temperature  amplitude,  current,  depth,  nature  of  the  wood 
invaded,  sewage  and  industrial  wastes,  the  tropisms  of  the  larval 
stages,  and  reproductive  habits  and  seasons.  These  combine  in 
ever  varying  permutations  and  intensities,  and  in  changing  seasons 
and  changing  thresholds,  to  form  a  complex  not  readily  unravelled 
with  accuracy,  even  when  one  factor  predominates,  as  in  the  case  of 
the  invasion  of  flood  waters. 

The  food  of  the  marine  borers  differs  in  the  two  classes  of  mol- 
luscs and  crustaceans.  The  former,  teredo  and  xylotrya,  are  close 
relatives  of  the  oyster  and  the  clam,  and  are  not  structurally  worms, 
though  called  ship-worms,  because  of  their  worm-like  shape.  They 
are,  in  reality,  bivalved  molluscs,  with  the  shell,  foot,  mantle,  gills 
and  siphons  characteristic  of  the  lamellibranch  molluscs  such  as  the 
clam.  They  have  likewise  the  same  feeding  habits  as  the  clam  and 
oyster.     By  means  of  the  cilia,  or  microscopic  whips  which  cover 
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the  gills  and  tracts  on  the  surface  of  the  mantle  which  lead  towards 
the  mouth,  they  create  an  incurrent  flow  of  water  from  the  pin-hole 
on  the  surface  of  the  pile  into  the  long  ventral  siphon  and  thence 
into  the  mantle  cavity.  The  lines  of  cilia  in  the  surface  of  this 
cavity  pick  up  the  microscopic  floating  algae,  diatoms  and  animal- 
cules out  of  the  incurrent  water  and  entangle  them  in  mucus  threads 
and  pass  them  into  the  mouth  at  the  anterior  end  of  the  animal  at 
the  inner  end  of  the  burrow  where  2  mobile  flaps  assist  in  carrying 
the  food  into  the  mouth.  These  boring  molluscs  are,  therefore, 
wholly  dependent  upon  the  food  which  passes  the  oriflce  of  their 
sheltering  burrow.  Anything  which  limits  the  amount  of  this  food, 
or  the  rate  at  which  it  passes  the  burrow,  reduces  their  rate  of 
growth,  and  whatever  increases  the  food  in  amount  or  rate  of  move- 
ment, accelerates  their  activities  and  their  rate  of  growth  and  re- 
production. 

The  molluscs  are  dependent  on  this  incurrent  flow  of  the  passing 
current,  not  only  for  their  food,  but  also  for  their  respiration, 
carried  on  by  their  elaborately  formed  gills.  Stoppage  of  the  cir- 
culation of  the  water  in  and  out  the  mantle  cavity  will  slow  down 
their  activities,  and  eventually  when  the  oxygen  of  the  imprisoned 
water  is  exhausted  will  asphyxiate  them.  Growing  barnacles,  as 
their  base  spreads,  often  cover  the  breathing  and  feeding  oriflce  of 
the  underlying  teredo,  and  thus  destroy  the  borer  by  asphyxiation. 

The  overgrowth  of  marine  organisms  which  also  feed  on  the 
plankton  may  so  starve  out  teredo  as  to  hinder  its  growth.  The 
pumping  apparatus  of  teredo,  though  extraordinarily  simple,  is, 
however,  sufficient  to  maintain  a  current,  even  under  very  adverse 
circumstances.  From  this  fact  in  the  physiology  of  these  borers,  it 
is  evident  that  any  system  of  extermination  which  effectively  closes 
the  outlets  of  the  burrowing  teredo  will  destroy  it  sooner  or  later. 
It  is  well-known  that  oysters  may  be  shipped  for  weeks  at  low 
temperatures  in  living  conditions  vnthout  access  to  sea-water,  by 
reducing  their  physical  activities  and  demands  on  oxygen  to  a 
minimum.  In  like  manner,  teredo  can  survive  possibly  for  several 
weeks  after  closure  of  its  oriflce  or  cessation  of  circulation  of  the 
water. 

The  ocean,  in  common  with  lakes  and  rivers,  produces  each  year 
crops,  or  rather  a  continual  succession  of  crops  of  microscopic  food 
supply  known  as  plankton  or  the  ocean  meadows,  whose  tonnage 
per  acre  is  comparable  in  weight  and  chemical  composition  to  the 
forage  crops  of  wild  or  cultivated  land.  The  marine  borers  feed 
upon  this  exclusively,  appropriating  it  as  it  passes  their  door.  They 
never  go  foraging,  except  in  the  case  of  the  free-swimming  larvsB. 
This  food  supply  is  not  equal  in  abundance  or  quality  at  all  times  or 
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in  all  places.  In  ocean  meadows,  it  runs  a  seasonal  course,  not 
unlike  that  of  the  land.  It  has  a  spring  and  autumnal  flush  of 
growth  and  a  midwinter  period  of  depression.  Other  things  being 
equal,  the  spring  and  early  summer  and  the  autumn  are  periods 
of  most  abundant  food,  and,  therefore,  the  periods  of  reproduction 
and  growth  of  the  borers.  There  is,  however,  a  sufficient  amount  of 
such  food  present  at  all  seasons  and  in  most  localities  to  provide 
for  the  maintenance  and  for  some  growth  of  the  borers. 

Differences  in  the  effectiveness  of  their  invasion  and  the  conse- 
quent industrial  menace  in  different  localities,  and  their  varying 
rate  of  growth  in  different  seasons,  are  directly  atjiributable,  inside 
the  zone  of  favoring  salinity,  to  variations  of  the  food  factor. 

The  local  distribution  of  the  food  supply  of  these  borers  varies 
greatly  according  to  salinity,  depth,  and  varying  chemical  constitu- 
tion of  the  sea-water.  Thus  the  brackish-water  zone  of  rapid 
changes  between  invading  fresh-waters  and  tidal  ocean-waters  is 
an  impoverished  area  in  which  fresh-water  species  entering  with 
the  river  waters  are  quickly  destroyed  and  the  marine  species  of  the 
plankton  entering  vnth  the  tidal  currents  likewise  peri^.  There 
are  only  relatively  a  very  few  species  which  survive  the  extremes 
of  salinities  and  the  abrupt  admixture  of  fresh  and  salt-water  in 
rapidly  changing  tidal  areas.  On  the  other  hand,  waters  of  slightly 
reduced  salinities,  covering  large  areas  of  tidal  flats  or  shallow 
regions,  and  relatively  slow  tidal  admixtures,  such  as  with  the 
oyster  flats  of  the  Chesapeake  Bay  and  the  Gulf  Coast,  produce  a 
great  abundance  of  plankton,  especially  favorable  to  the  growth  of 
the  oyster  and  presumably  also  for  teredo.  Extension  of  salt-water 
into  Suisun  Bay  and  the  extensive  channels  above  it  afford  an  ideal 
condition  for  the  development  of  the  food  supply  especially  favor- 
able for  the  growth  of  teredo  in  Carquinez  Straits  and  in  adjacent 
territory. 

Plankton  is  subject  to  vertical  migration  in  response  to  the 
changring  diurnal  rhythm  of  illumination  and  changing  viscosity 
of  the  water  with  changing  temperatures.  This  viscosity,  or  the 
capacity  for  flotation,  doubles  with  a  drop  of  10**  C.  in  tempera- 
ture. This  affects  the  flotation  upon  the  larval  stages  as  well  as 
the  food  supply  of  the  adults.  In  consequence  of  the  combined 
action  of  these  two  factors,  the  uppermost  meter  of  water,  which 
is  best  illuminated  and  warmest,  is  less  densely  inhabited  by 
plankton  than  the  deeper  layers,  and,  as  a  consequence,  we  flnd 
that,  as  a  rule,  marine  borers  settle  less  abundantly  nearer  the  sur- 
face than  at  deeper  levels.  The  exposure  to  air  between  the  tidal 
levels  cooperates  with  these  factors  to  reduce  infection  and  growth 
in  this  region,  but  permits  it  to  extend  above  the  mean  tidal  level. 
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usually  about  6  inches  below  the  barnacle  line.  The  limiting  factor 
here  is  the  submergence  for  a  long  enough  time  during  the  median 
and  highest  tides  of  the  month  for  an  adequate  feeding  period. 
The  uppermost  level  to  which  teredo  can  go  is  thus  influenced  by 
the  amount  of  food  and  the  period  of  exposure  to  the  air.  As  such 
elements  are  variable,  this  level  will  vary  in  different  localities. 
Since  the  same  factors  affect  the  food  of  the  barnacles,  we  find 
that  6  inches  below  the  barnacle  line  is  a  fair  guide  to  the  level  at 
which  molluscan  borers  may  be  expected  to  occur.  Teredo  tend 
to  go  to  higher  levels  than  xylotrya. 

Conditions  of  the  sea-water  also  profoundly  affect  the  volume  of 
the  food  supply,  and  probably  influence  the  degree  of  settlement 
of  the  larvflB  upon  marine  structures.  The  sea  derives  its  fertilizing 
constituents  from  the  nitrogen-rich  wastes  of  the  abyssal  depths, 
which  in  solution  wells  up  against  the  western  shores  of  all  conti- 
nents, owing  to  the  rotation  of  the  earth.  This  is  responsible  for 
the  rich  fisheries  on  these  coasts,  and  ultimately  affects  also  the 
rate  of  growth  of  marine  borers  in  these  localities. 

The  ocean  also  receives  fertilization  from  the  continental  wash 
and  wastes  of  cities  in  an  irregular  and  local  distribution.  Sewage 
fertilizes  harbor  waters  and  increases  the  plankton  products.  It 
is  deleterious  only  when  by  decay  it  robs  the  sea-water  of  all  dis- 
solved oxygen  for  a  period  of  time  sufficient  to  asphyxiate  borers. 
These  borers,  therefore,  thrive  near  sewers,  provided  there  is  a 
sufScient  daily  exposure  to  aerated  sea-water.  Sewage  kills  them 
off,  or  prevents  their  invasion,  only  when  currents  are  so  sluggish 
and  the  concentration  so  great  that  the  region  is  one  of  almost 
continual  ferment  and  decay  most  of  the  time.  Thus  the  xylotrya 
was  found  thriving  in  San  Francisco  Bay  water,  at  the  mouths  of 
large  sewers  at  Hunter's  Point,  and  teredo  navalis  occurred  in  the 
mouth  of  the  sewer  at  Pinole  In  the  timbers  enclosing  the  sewer 
outlet  The  salt-water  of  these  localities  was  sufScient  to  permit 
adequate  respiration  by  the  borers  in  the  presence  of  the  sewage 
some  of  the  time.  They  would  be  unable  to  exist  where  putrefaction 
prevails,  as  shown  by  continual  g^as  formation,  blackened  sludge  and 
foul  odors  which  obviously  define  areas  of  putrefaction. 

Other  factors  which  affect  the  amount  of  the  plankton  are  minute 
traces  of  certain  chemicals.  Copper  is  deleterious  in  the  minutest 
doses  to  the  plants  of  the  plankton.  One  part  of  copper  sulphate  to 
ten  million  by  weight  will  completely  exterminate  many  species, 
and  copper  chloride  is  even  more  toxic.  On  the  other  hand,  minute 
doses  of  arsenic  and  iodine  stimulate  growth.  The  ever-changing 
wastes  of  a  metropolis  thus  add  greatly  to  these  chemical  factors. 
Tidal  currents  and  chemical  reactions  within  the  sea  confuse,  dilute 


Digitized  by  LjOOQ IC 


334  Seventeenth  Annual  Meeting 

and  obscure  them.  In  a  general  way,  however,  many  investigatiens 
have  shown  that  the  food  supply  generally  available  in  the  plank- 
ton is  above  the  minimum  necessary  to  support  the  life  dependent 
upon  it,  and  engineers  may  expect  to  find  that  above  the  fresh-water 
dead-line,  about  8  to  10  parts  per  1,000,  harbor  waters  give  enough 
food  at  all  times  to  keep  teredo  navalis  going,  and  to  make  it  a 
menace  to  marine  structures. 

There  are  several  physical  factors  which  affect  the  food  supply 
available  for  teredo,  and  thus  determine  the  rate  of  the  destruction 
of  the  pile.  Most  evident  is  the  rate  of  the  movement  of  the  tide 
or  other  current  past  the  inlet  of  teredo.  As  a  general  rule,  tidal 
currents  of  a  hig^h  velocity  or  of  more  recent  oceanic  origin  are 
higher  in  salinity  and  plankton  content  than  in  the  upper  reaches 
of  the  more  slowly  moving  tidal  currents.  Therefore,  those  marine 
structures  near  the  inlets  of  harbors  stand  in  greater  danger,  other 
things  being  equal,  than  those  more  remote  from  the  sea.  But, 
whatever  the  plankton  content  of  the  current,  the  fact  is  that  the 
food  supply  available  at  the  inlet  of  the  teredo  is  a  prime  factor  in 
its  rate  of  growth. 

In  slack  water  currents,  the  amount  of  water  which  must  be 
sifted  per  unit  of  food  supply  is  greatly  increased  and  the  rate  of 
growth  accordingly  depressed.  Hence  marine  structures  exposed  in 
straits  or  narrows  where  constriction  speeds  up  the  rate  of  flow 
past  the  piling  are  in  a  location  of  hazard  increasing  proportion- 
ately with  the  increased  rate  of  flow.  However,  there  comes  a 
point  in  many  localities  in  which  any  increase  in  food,  or  the  rate 
of  flow,  ceases  to  affect  the  rate  of  growth,  because  the  maximum 
level  of  utilization  has  been  passed. 

It  is  this  factor  of  available  food  supply  which  constitutes  a 
hazard  dependent  upon  the  rate  of  the  current  which  the  engineer 
may  well  consider  in  all  marine  construction. 

The  food  of  the  crustacean  borers,  unlike  that  of  the  moUuscan 
ones,  is  not  plankton.  In  the  case  of  sphsBroma,  it  is  obtained  by 
foraging  in  the  neighborhood,  while  both  limnoria  and  chelura  also 
eat  the  wood,  or  at  least  pass  it  through  their  digestive  tracts. 
They  are,  therefore,  less  dependent  upon  the  movement  of  water 
about  them.  However,  the  rate  of  movement  and  the  plankton  con- 
tent of  the  water  influence  the  amount  of  marine  growth  on  which 
these  crustacean  borers  are  in  part  dependent  for  food  and  thus  in- 
directly become  factors  in  the  prosperity  or  adversity  of  these  pests. 
For  this  reason,  limnoria  is  very  active  in  the  narrows  of  the 
Golden  Gate  and  near  some  sewers. 

A  factor  of  prime  importance,  and  one  on  which  we  have  as  yet 
no  speciflc  information,  but  only  inference  by  analogy  from  other 
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organisms,  is  the  group  of  tropisms  or  locomotor  reactions  of  the 
larval  stages  to  the  physical  and  chemical  features  of  the  environ- 
ment, such  as  gravity,  light,  salinity  and  other  chemical  conditions 
of  the  water.  The  larvse  of  the  borers  may  be  expected  to  move 
towards  or  away  from  a  pile,  or  in  one  direction  or  its  opposite  ac- 
cording to  their  sensitiveness  to,  and  reactions  to  the  prevalent 
form  of  physical  or  chemical  stimulus. 

It  is  not  improbable  that  the  protective  feature  of  creosote  rests 
upon  the  negative  chemotropism  of  the  larval  stages  of  the  borers 
to  some  repellent  constituent  of  the  creosote,  and  that  these  stages 
settle  on  the  wood  irregularly  as  they  often  do,  because  of  their 
positive  chemotropism  to  extractives  of  the  wood  which  are  more 
available  at  some  places  on  the  surface  than  at  others.  Experi- 
ments to  determine  the  precise  chemical  nature  of  these  repellents, 
the  methods  of  increasing  their  amount,  durability  and  effectiveness 
by  controlled  biological  experiments  are  much  needed. 

The  factors  of  acidity  and  alkalinity  of  the  sea-water  are  of  prime 
physical  significance  for  the  reactions  of  organisms  in  their  move- 
ments and  migrations  and  other  operations  of  their  bodily  func- 
tions. This  is  most  accurately  measured  by  the  so-called  Ph.  scale 
of  the  hydrogen  ion  concentration  resulting  from  the  electrolytic 
dissociation  of  substances  in  solution.  Different  species  of  animals 
are  known  to  differ  in  their  reactions  to  these  factors  of  environ- 
ment, but  most  marine  animals  find  their  optimum  condition  near 
the  neutral  zone  of  acidity-alkalinity.  A  rather  wide  range  of 
adaptability  to  changing  acidity  on  both  the  mollusc  and  crustacean 
borers  is  indicated  by  their  wide  range  of  distribution  in  water 
whose  acidity  varies  greatly,  as,  for  example,  between  pure  oceanic 
waters  and  sewage-laden  harbor  water  in  which  the  process  of 
decay  greatly  modifies  this  factor.  The  hydrogen  ion  concentration 
affects  the  union  of  the  germ  cells  and  the  tropic  reactions  of  the 
larval  stages.  It  may  thus  limit  and  restrict  seeding  areas  where 
all  other  factors  favor  their  extension. 

The  temperature  of  the  sea-water  and  of  the  air  between  tidal 
limits  exercises  a  controlling  influence  upon  distribution  of  marine 
organisms,  and  thus  we  find  that  species  of  Alaskan  molluscs  and 
worms  found  at  tide  levels  in  the  North  ten€  to  keep  to  water  of 
the  same  low  degree,  and,  as  they  extend  southward,  they  tend  to 
sink  to  deeper  and  deeper  levels.  However,  the  marine  borers,  as 
a  whole,  have  such  a  cosmopolitan  distribution,  from  the  equator 
almost  to  the  Arctic  Circle,  and  such  a  wide  range  of  adaptiveness 
that  the  temperature  changes  in  adjacent  localities  have  little 
influence  over  their  distribution.  They  do,  however,  set  limits  to 
the  occurrence  of  particular  species. 
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In  a  larger  way,  however,  temperature  changes  and  contrasts 
operate  within  a  limited  range  to  control  all  growth  and  to  regulate 
reproduction.  Thus  a  turtle's  heart  beats,  a  cricket  chirps,  and  a 
parrot  talks  in  accordance  with  Van  Hoff's  law  that  the  velocity  of 
chemical  reaction  is  doubled  with  a  rise  of  lO**  C.  Thus  in  the 
region  of  the  temperature  optimum  for  any  vital  phenomenon,  a  rise 
in  temperature  accelerates  and  a  fall  depresses  the  process.  Other 
things  being  equal,  teredo,  xylotrya  and  limnoria  do  their  destruc- 
tive work  more  rapidly  in  summer  and  in  warmer  latitudes  than 
in  winter  and  in  northern  climates,  but  the  optimum  is  not  neces- 
sarily the  same  for  any  2  of  these  species. 

The  reproductive  processes  and  the  life  cycle  of  the  marine  borers 
play  an  efficient  part  in  the  rapid  distribution  and  the  full  occupa- 
tion of  available  wood  for  shelter  and  in  the  invasion  of  a  new  ter- 
ritory. It  is  unfortunate  that  as  yet  we  have  no  adequate  account 
of  the  life  cycle  and  breeding  habits  of  any  of  the  marine  borers. 
It  is  at  best  a  fragmentary  patchwork  of  data  which  we  possess, 
and  their  limits  and  relationships  are  imperfectly  known,  and  some 
of  the  published  data  are  largely  unsupported  conjecture. 

All  the  marine  borers,  insofar  as  is  known,  reproduce  only  by  the 
sexual  method.  Parthenogenesis  and  a  sexual  division  are  un- 
known. Males  and  females  occur  in  all  species,  but  males  appear 
to  be  less  abundant,  possibly  because  of  their  shorter  life,  or 
greater  mortality.  In  all  of  the  marine  crustacean  borers,  limnoria, 
sphsroma  and  chelura,  the  number  of  young  produced  is  small,  the 
larvs  are  not  free-swimming,  and  are  found  in  all  stages  of  growth 
in  close  association  with  their  parents  in  the  burrow.  They  appear 
to  be  adapted  to  the  boring  habit  soon  after  hatching.  This  absence 
of  the  free-swimming  larval  stage,  with  the  small  number,  large 
size,  and  early  efficiency  of  the  young  of  the  crustacean  borers  tends 
to  intensify  the  local  attack  and  to  lower  the  birth  rate  in  its  sus- 
ceptible early  stages  of  distribution  and  infection. 

It  also  tends  to  confine  the  attack  to  the  parent  locality,  and  to 
intensify  it  there.  It  also  impedes  the  rate  of  dispersal  into  new 
timbers.  It  is  only  as  the  young  or  old  borers  inadvertently  are 
caught  out  of  the  shelter  of  the  burrow,  are  swept  away  by  the 
current  and  gain  a  foothold  on  some  timber  that  they  invade  new 
regions. 

On  the  other  hand,  the  presence  of  free-swimming  larval  stages  in 
teredo  and  xylotrya,  and  their  production  in  enormous  numbers 
quickly  distributes  infection  by  them  within  the  whole  territory 
traversed  by  intermingling  tidal  currents  which  pass  the  infected 
piling.  It  was  this  fact  of  great  numbers  of  free-swimming  larval 
stages  spread  through  the  agency  of  tidal  currents  from  the  Mare 
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Island  dikes  and  other  infected  timbers  in  the  upper  bay,  to  all 
other  piling  within  reach  of  these  currents,  that  accounts  for  the 
rapidity  and  destructiveness  of  the  recent  attack  in  Carquinez 
Straits. 

By  analogy  from  the  numbers  of  eggs  and  larvsB  produced  by 
other  molluscan  borers,  it  is  probable  that  the  number  of  larva 
produced  by  one  female  teredo  navalis  may  exceed  2,000,000.  A 
heavily  infected  pile  in  25  ft.  of  water  may  harbor  in  excess  of 
200,000  teredo.  If  one-half  of  these  are  male,  there  would  still  be 
produced  in  sufficient  number  of  larva  to  seed  heavily  500,000  piles 
by  the  teredo  of  this  one  pile,  provided  all  the  larvse  lived  and  got 
into  some  pile.  This,  of  course,  never  happens.  The  death  rate  of 
the  eggs  and  larva  is  very  high,  especially  in  the  first  few  hours  of 
life,  and  but  a  few  of  the  migrating  larva  get  a  foothold  on  a  pile. 
When  they  do  settle  down  they  find  waiting  for  them  a  hungry 
horde  of  crustacean  monsters  waiting  for  a  meal  of  teredo,  and  but 
a  few  of  those  which  settle  on  the  surface  of  the  wood  survive  until 
they  can  dig  in  under  cover.  Still  the  surplus  which  nature  pro- 
vides made  possible  the  complete  occupation  of  available  piling  in 
Upper  San  Francisco  Bay  in  the  relatively  short  time  of  a  single 
breeding  season. 

There  is  a  significant  difference  in  the  breeding  habits  of  teredo 
navalis  and  xylotrya  setacea  which  has  a  bearing  on  the  relative 
rate  of  infection  and  destruction  of  piling  by  these  two  species  in 
San  Francisco  Bay.  Teredo  harbors  its  ova  within  its  gills  for  the 
period  of  their  early  development.  The  sperm  of  the  male  cast  free 
into  the  sea  is  drawn  in  by  the  siphons  of  the  female  and  fertilizes 
the  eggs.  These  develop  rapidly  into  free-swimming  larva  and 
when  able  to  care  for  themselves,  to  swim  and  feed,  they  are  cast 
out  into  the  passing  current. 

Xylotrya,  on  the  other  hand,  casts  out  both  the  egg  and  sperm 
into  the  water.  The  2  sex-cells  must  meet  and  unite  within  a  few 
seconds,  if  at  all,  and  the  unprotected  egg  must  pass  its  stage  of 
greatest  susceptibility  to  temperature  changes,  poisons,  and  ene- 
mies without  the  shelter  of  the  parent's  body. 

It  is  a  well-established  biological  fact  that  the  death  rate  of 
organisms  is  highest  in  the  earliest  period  of  life.  In  teredo  this 
period  is  passed  in  the  shelter  of  the  parent's  body,  while  in 
xylotrya  the  young  borers  run  all  these  risks  in  the  open  water 
with  resultant  higher  death  rate. 

We  find,  therefore,  in  San  Francisco  Bay  that  the  settlement  of 
the  larva  of  xylotrya  on  piling  is  relatively  lighter  than  that  of 
teredo,  and  that  xylotrya  which  was  not  uncommon  in  San  Fran- 
cisco Bay,  only  got  a  slight  foothold  in  the  upper  bay  when  salini- 
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ties  rose  there,  when  teredo  completely  oyer-ran  the  territory.  The 
difference  in  breeding  habits  is  one  of  the  prime  causes  tributary  to 
this  contrast  in  destructive  efficiency. 

Of  all  factors  controlling  the  invasion  of  piling  by  the  mdrine 
borers,  none  is  more  readily  tested,  more  complicated  in  its  be- 
havior, or  more  potent  in  action,  than  the  salinity  of  the  water.  It 
is  this  factor  which  maintains  the  impassable  bar  between  the 
marine  and  fresh-water  faunas.  It  limits  the  upnstream  invasion 
of  the  marine  borers,  but  does  not  stop  them  all  at  the  same  level. 
For  example,  spheroma  destructor  of  the  Atlantic  Coast  does 
damage  to  piling  in  fresh  water  in  St.  John's  River,  Florida,  as 
well  as  in  brackish  water.  On  the  California  Coast,  sphieroma 
pentodon  works  in  less  salinities  than  the  limnoria,  and  may  be 
destructive,  as  on  the  Mare  Island  dikes,  and  at  Antioch,  before 
the  other  borers  begin  operations  there.  Sphieroma  is  a  hardy 
animal,  working  effectively  at  higher  tide  levels  and  in  lower 
salinities  than  the  other  borers. 

On  the  other  hand,  limnoria  and  chelura  are  adapted  to  oceanic 
salinities  and  do  their  most  effective  work  in  water  of  normal 
salinity.  They  do  not  invade  brackish  waters  very  far.  For  exam- 
ple, in  San  Francisco  Bay  we  have  not  found  them  above  San 
Pablo  Point,  neither  in  San  Pablo  Bay  nor  Carquinez  Straits. 

The  molluscan  borers  are  peculiarly  susceptible  to  salinity,  be- 
cause they  continuously  bathe  their  bodies  in  a  stream  of  water 
brought  in  through  the  ventral  siphon.  Moreover,  the  lymph  and 
serum  of  animal  bodies  generally  is  somewhat  saline,  thus  resem- 
bling sea-water.  The  body  of  the  molluscan  borer  when  placed  in 
fresh  water  absorbs  an  unusual  amount  of  the  fresh  water  just  as 
oysters  are  "fattened"  by  exposure  to  fresh  water.  This  inter- 
feres with  their  normal  physiological  processes  and  after  a  time 
death  ensues.  If,  however,  there  is  a  tidal  recurrence  daily,  or 
even  fortnightly  of  a  period  of  increased  salinity,  toredo  can  survive 
for  a  much  longer  time.  For  example,  at  Crockett,  teredo  navalis 
is  still  surviving  (January  24,  1921)  a  salinity  which  has  been 
much  of  the  time  below  10  parts  per  1,000,  since  December  5,  1920, 
while  at  Martinez,  they  were  all  killed  off  early  in  January. 

The  lowest  levels  of  salinity  at  which  teredo  navalis  will  survive 
in  piling  appear  to  lie  between  7.5  and  10  parts  per  1,000.  The 
levels  at  which  the  larval  stages  will  attack  piling  probably  lie 
somewhat  above  this,  perhaps  between  10  and  15  parts  per  1,000. 
We  have  not  been  able  as  yet  to  observe  the  settling  process  in  a 
breeding  season  and  correlate  it  with  salinities;  but  last  season's 
data  of  destruction  suggest  these  limits  as  probable. 
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The  limits  of  salinity,  within  which  the  different  species  of  teredo 
thrive,  vary  greatly.  A  related  borer,  nausitoria  dunlopi,  lives  in 
the  River  Como  in  India  in  fresh  water.  Teredo  navalis,  on  the 
other  hand,  is  a  species  adapted  to  life  in  brackish  water,  while 
the  shipworm,  teredo  megotara,  lives  in  timbers  on  the  high  seas. 

Xylotrya  setacea  on  our  coasts  lives  in  maximum  salinities  and 
has  not  been  found  to  thrive  in  waters  below  20  parts  per  1,000. 

In  the  case  of  marine  structures,  the  engineer  must,  therefore,  be 
on  his  guard  to  consider  both  the  conditions  of  life,  such  as  salinity, 
current,  and  food  supply,  and  the  particular  organisms  prevalent 
in  the  neighborhood.  To  this  end,  a  regular  system  of  periodical  in- 
spection of  test-piling,  and  the  identification  of  the  particular  borers 
found  therein  is  advisable,  and  where  investment  and  other  condi- 
tions warrant,  a  systematic  examination  of  and  seasonal  records 
of  salinities  should  be  kept.  With  these  factors  in  mind,  and  indi- 
vidual and  united  effort  to  reduce  the  regions  of  infection,  improve 
methods  of  protection  and  extend  their  use,  it  will  become  increas- 
ingly possible  to  conserve  investments  in  wooden  marine  structures. 

Mb.  F.  D.  Mattos:  Gentlemen,  I  desire  to  thank  the  contributors 
and  the  cooperators,  as  well  as  the  members  of  my  Committee  for 
their  hard  work  during  this  survey.    [Applaitse.] 

The  President:  Gentlemen,  the  report  is  now  open  for 
discussion. 

Mr.  J.  H.  Waterman:  Mr.  Chairman,  I  move  that  we  recognize 
the  work  of  this  Committee  and  thank  them  for  it.  I  think  the  body 
of  men  want  to  express  themselves  in  appreciating  the  work  that 
the  Committee  has  done.    [Applause,] 

The  President:  Might  we  have  some  discussion  before  we  have 
a  motion?    We  would  like  to  call  on  Mr.  Brown. 

Mr.  a.  a.  Brown:  Mr.  Chairman  and  Gentlemen:  there  are 
probably  many  of  you  gentlemen  who  have  come  here  from  the 
East  and  may  not  be  altogether  familiar  vnth  the  great  deal  of 
attention  that  has  been  given  to  the  Carquinez  Straits  district. 

Carquinez  Straits  is  located  in  Contra  Costa  County,  which  is 
the  greatest  industrial  county  in  the  State  of  California,  probably 
the  greatest  industrial  district  on  the  Pacific  Coast,  and  the  south 
side  of  Carquinez  Straits  has  the  major  portion  of  the  industries 
in  Contra  Costa  County. 

I  think  there  are  probably  quite  a  number  of  members  here  who 
are  representing  creosoting  plants,  and  I  have  some  data  that  I 
would  like  to  give  you  on  the  comparison  between  the  cost  of  driv- 
ing creosoted  piling  as  compared  with  concrete  piling. 
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We  have  just  finished  driving  some  3,000  creosoted  piles,  and  ap- 
proximately 500  concrete  piles,  ranging  in  length  from  42  ft.  to  105 
feet.  The  creosoted  piles,  that  is,  the  new  ones  we  are  purchasing, 
are  costing  an  average  of  $1.12  a  foot. 

We  found  in  driving  the  creosoted  piles  to  refusal  with  a  No.  1 
Vulcan  steam  hammer  that  a  considerable  number  of  them  were 
being  shattered,  so  it  became  necessary  to  revise  not  only  the  driv- 
ing specification  but  also  the  unit-load  to  be  carried  by  the  creosoted 
piling.  We  are  now  driving  the  creosoted  piling  with  a  No.  1  Vul- 
can steam  hammer,  obtaining  a  penetration  of  V4  inch  per  blow, 
and  using  a  unit-load  of  20  tons  per  pile. 

The  concrete  piles  are  driven  with  a  No.  0  Vulcan  steam  hammer 
to  a  penetration  of  6  blows  to  the  inch,  and  loaded  35  tons  per  pile. 
These  concrete  piles  cost  $2.15  per  lineal  foot  to  make,  and  $2.80  per 
foot  in  place.  Creosoted  piling  costs  $1.30  per  lineal  foot  driven, 
allowing  for  a  very  nominal  breakage.  From  these  prices  and  bear- 
ing values  we  find  that  the  use  of  concrete  piling  costs  approxi- 
mately 25%  more  than  creosoted,  giving  us  what  we  believe  to  be 
a  more  permanent  type  of  construction,  and  have  every  reason  to 
believe  the  concrete  piling  will  last  for  many,  many  years,  having 
a  much  longer  life  than  the  creosoted  piles,  and  there  is  no  danger 
of  the  carpenter  driving  a  nail  or  peavy  into  the  concrete  pile  below 
the  water-line.  With  reasonable  care  in  handling  and  making  we 
should  get  an  almost  unlimited  life,  so  this  is  something,  I  believe, 
for  the*creosoting  men  to  think  about,  that  is,  the  manufacturers 
and  producers,  from  a  purely  competitive  point  of  view. 

We  say  in  one  place  in  our  report  that  if  conditions  warrant 
building  for  the  greatest  permanence  with  less  regard  for  first  cost, 
concrete  construction  may  be  useful.  A  few  years  ago  this  was  true, 
but  recent  adjustments  of  prices  have  conspired  to  increase  the  cost 
of  creosoted  materials  two-fold  as  compared  with  increased  cost  of 
concrete. 

I  hope  the  day  is  not  far  distant  when  we  will  have  on  San  Fran- 
cisco Bay  a  creosoting  plant  where  it  will  be  possible  to  obtain  the 
materiab  with  less  likelihood  of  damaging  the  piling  which  now 
occurs,  due  to  transportation,  long  periods  of  storage  and  continued 
handling.  Some  of  the  creosoted  piles  that  we  have  received,  al- 
though they  are  all  tested  by  one  of  the  largest  testing  concerns  on 
the  Coast,  give  a  net  penetration  in  places  of  ^  inch  to  %  inch.  We 
know  that  the  spikes  on  the  raftsman's  shoes  will  penetrate  to  the 
untreated  wood  with  such  a  very  slight  penetration.  So  some 
means  of  overcoming  the  inequalities  of  the  creosote  oils  throughout 
the  sections  of  the  piles  should  certainly  be  provided  if  we  hope  to 
obtain  a  uniform  product  and  a  uniform  life.    [Applauae,] 
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Prof.  Charles  A.  Kofoid:  A  report  from  a  recent  examination 
of  concrete  piling  in  the  southern  end  of  the  State  of  a  concrete 
pier  which  has  stood  for  a  number  of  years  showed  that  there  was 
considerable  deterioration  of  the  concrete  above  the  water-line.  The 
pier  cost  $35,000.  The  estimate  for  covering  this  exposed  part  of 
the  concrete  piles  with  creosoted  wood  and  asphalt  to  preserve  it  is 
$28,000.     ILaughter.] 

Mr.  H.  E.  Horrocks:  I  suppose  the  proof  of  this  whole  thing 
is  as  they  say,  the  eating  of  the  pudding.  Now,  I  just  want  to  give 
a  little  bit  of  history  on  the  question  of  creosoted  piles  on  this 
Coast.  To  my  knowledge,  extending  over  8  years,  our  company  has 
marketed  at  least  160,000  pieces  of  creosoted  piling,  ranging  from 
25  ft.  to  125  ft.  in  length,  and  to  the  best  of  my  recollection  we  have 
not  had  a  complaint  of  failure  or  lack  of  sufiicient  penetration  to 
the  extent  of  a  thousand  pieces.  That  is  the  experience  of  only 
one  company,  one  creosoting  plant,  on  the  Pacific  Coast  for  only  8 
years,  and  we  have  had  in  that  same  time  at  least  3  other  plants 
producing  creosoted  piles,  and  probably  the  business  of  the  creosot- 
ing plants  on  the  Pacific  Coast  in  that  time  has  been  80%  of  creo- 
soted piles,  so  that  it  is  safe  to  say  that  in  10  years  to  15  years  past 
there  have  been  well  toward  300,000  pieces  of  creosoted  piling 
marketed  and  sold  to  men  and  firms  who  are  investing  their  own 
money  on  the  Pacific  Coast  alone. 

I  would  call  your  attention  to  one  phase  of  industrial  value  of 
creosoted  piling,  and  that  is  the  question  of  obsolescence.  On  the 
central  water  front  of  Seattle — a  lot  of  you  gentlemen  have 
passed  through  Seattle  and  you  may  have  noticed — the  docks  were 
built  from  15  years  to  20  years  ago  with  slips  wide  enough  for 
the  then  modem  vessels.  I  want  to  tell  you  that  if  you  put  an  8,000- 
ton  Shipping  Board  vessel  in  one  of  those  slips  you  cannot  squeeze 
a  launch  between  that  ship  and  the  other  dock,  so  that  portion  of 
the  water-front  of  Seattle  has  served  its  purpose  and  helped  ahead 
the  city  of  Seattle  for  15  years  or  20  years,  and  was  built  on  creo- 
soted piling.  If  you  want  to  improve  and  modernize  it,  the  only 
thing  to  do  is  to  rip  it  all  out  and  build  it  all  over  again.  That,. 
I  think  is  a  vivid  illustration  of  the  question  of  obsolescence  as  ap- 
plied to  the  so-called  permanent  type  of  construction  for  docks. 

The  gentleman  preceding  me  seems  to  infer  that  by  some  myste. 
rious  process  the  war  prices  on  steel,  concrete  and  kindred  piling^ 
materials  are  beginning  to  decline,  and  by  some  equally  mysterious 
process  that  the  similar  costs  of  creosote  and  what  goes  into  creo- 
S3ted  piling  would  not  decline.  There  is  no  force  in  the  argument 
at  all.  There  is  nothing  behind  it.  We  are  on  the  toboggan  from 
pre-war  prices,  and  what  will  certainly  affect  one  will  affect  the 
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other.  When  I  cannot  tell  you,  but  the  process  of  nature  that  is 
now  having  its  way  with  regard  to  these  matters  will  certainly  af- 
fect creosoted  piles  as  it  will  other  materials. 

I  do  not  believe  this  report  is  what  it  ought  to  be.  I  do  not  believe 
that  this  report  is  emphatic  enough  in  extolling  the  virtues  of  creo- 
soted piling  for  water-front  development  purposes,  particularly  on 
the  Pacific  Coast.  There  is  not  any  question  in  the  world  that  it 
is  justified  in  every  way  that  you  look  at  it.  You  cannot  find  a 
record  of  any  piling  material  that  has  been  used  that  will  equal 
creosoted  piling  for  marine  work  on  the  Pacific  Coast  and  the  East 
Coast.  The  entire  water-front  of  the  Pacific  Coast,  of  Canada,  and 
the  United  States,  has  been  developed  and  brought  to  its  present 
state  on  creosoted-pile  foundations,  and  we  have  proof  in  the  South- 
em  Pacific  work  recently  torn  out  here  in  West  Oakland.  We  have 
the  life  of  them  here.  The  only  reason  we  do  not  know  about  all 
this  development  is  because  it  has  not  all  been  in  use  long  enough. 
[Appkaue.] 

The  Prbsidbnt:     I  would  like  to  call  on  Mr.  Newman. 

Mb.  Newman:  As  regards  the  permanence  of  concrete  struc- 
tures in  salt-water,  I  wish  to  call  attention  to  a  series  of  5  articles 
which  appeared  in  the  "Engineering  News-Record"  for  September 
and  October,  1917,  by  Messrs.  Ferguson  and  Wig,  one  of  them  the 
engineer  of  the  Portland  Cement  Association,  the  other  connected 
with  the  United  States  Bureau  of  Standards,  in  which  these  gentle- 
men reported  the  results  of  their  examinations  of  practically  all  im- 
portant American  ports,  and  gave  their  conclusions  as  to  the  de- 
terioration of  the  concrete  structures  found  in  those  ports.  The 
oldest  structure,  I  believe,  was  10  years  of  age,  the  latest  had  been 
built  1  year.  They  stated  that  of  all  the  structures  examined  there 
were  hardly  any  that  did  not  show  the  marks  of  serious  deterio- 
ration, and  ascribed  that  deterioration  principally  to  errors  in  de- 
sign and  poor  workmanship.  Now,  they  were  not  creosoting  men, 
but  concrete  men,  both  of  them. 

As  regards  the  price  of  creosoted  piling,  I  have  no  doubt  that 
within  a  few  years  after  normal  conditions  have  returned  and  we 
are  able  to  get  creosote  where  we  formerly  obtained  it,  the  price 
will  come  down  as  other  materials  have  come  down,  and,  in  this 
connection,  I  have  here  an  abstract  from  an  article  by  Mr.  Charles 
W.  Staniford,  formerly  Chief  Engineer  of  the  New  York  Depart- 
ment of  Docks  and  Ferries,  published  in  the  Transactions  of  the 
American  Society  of  Civil  Engineers  for  1914,  in  which,  speaking  of 
the  use  of  timber  in  pier  construction,  he  says: 

"With  timber  structures,  the  transformation  or  reconstruction  is  a 
simple,  rapid  and  economical  undertaking;  it  is  difficult  and  costly  with 
structures  of  stone,  concrete,  steel,  etc     The  use  of  concrete  piles,  rein- 
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forced  concrete  sub-structures  or  simibtr  forms  of  construction,  therefore, 
would  not  only  have  resulted  in  hiffh  first  cost  of  construction,  but  the 
difficulty  and  expense  incidental  to  the  periodical  removal,  reconstruction, 
or  expansion  of  dock  structures  of  this  tjrpe,  as  necessitated  from  time  to 
time  by  the  growth  of  shipping,  would  have  rendered  harbor  construction 
work,  as  a  revenue-producing  investment,  practically  impossible,  and, 
consequently,  would  have  greatly  retarded  the  development  of  the  harbor." 

I  believe  that  conditions  in  San  Francisco  are  much  the  same  as 
Mr.  Staniford  stated  them  to  be  in  New  York. 

In  the  report  of  the  Committee  there  is  a  reference  to  obsoles- 
cence of  water-front  structures  in  San  Francisco  Harbor.  In  1909 
the  Harbor  Commission  came  to  the  conclusion  that  our  piers  would 
not  adequately  handle  business,  and  decided  to  build  permanent 
piers  of  sufficient  size  to  take  care  of  the  increased  traffic.  The  old 
piers  were  100  ft.  wide  by  650  ft.  to  700  ft.  long,  with  slip  spaces 
of  150  ft.  to  200  ft.;  the  new  ones  were  made  130  ft.  to  140  ft.  in 
vndth  and  700  ft.  in  length  with  200-ft.  to  220-ft.  slip  spaces. 

In  1912,  3  years  later,  I  took  charge  of  the  work,  and,  after  con- 
sultation with  numerous  shipping  men  of  the  city,  it  was  decided 
that  the  piers  built  in  1909  were  too  small  and  that  the  new  ones 
to  be  built  should  be  larger.  The  width  was  increased  to  200  ft.,  the 
length  to  800  ft.,  with  slip  spaces  of  250  feet.  In  1918,  Mr.  White, 
the  present  chief  engineer,  projected  a  series  of  improvements, 
which  included  piers  325  ft.  wide  by  1,000  ft.  long,  with  300-ft.  slip 
spaces.  There  is  no  method  apparent  by  which  the  idea  of  increased 
size  required  can  be  adapted  to  permanent  structures,  if  they  are 
permanent,  and  by  which  the  harbor  can  be  maintained  at  100% 
efficiency. 

It  is  true  that  some  of  the  smaller  structures  can  be  used  for 
coastwise  business,  as  has  been  suggested,  but  the  present  coastwise 
business  in  San  Francisco  is  only  about  25%  of  the  total;  another 
25%  is  carried  on  ferries  and  50%  is  over-seas  traffic,  which,  of 
course,  comes  in  large  vessels  and  needs  large  piers. 

If  we  build  now  of  permanent  materials,  and  in  20  years  or  25 
years  find  that  these  materials  are  in  piers  that  are  too  small  to 
handle  the  traffic,  we  shall  have  to  get  along  with  them  as  best  we 
can,  because  they  will  be  too  expensive  to  be  torn  out.  In  the 
meantime  those  who  have  built  with  temporary  materials  can 
afford  to  tear  them  out  and  replace  them  with  modem  structures, 
and  we  will  be  handicapped  to  that  extent.  Even  at  present  with 
a  large  vessel  of  12,000  tons  or  15,000  tons  berthed  at  a  pier,  there 
is  constant  interference  between  incoming  and  outgoing  cargoes, 
and  the  200  ft.  by  800  ft.  piers  built  since  1912  are  too  small. 

There  is  a  question  I  wish  to  ask  Dr.  Kofoid  in  regard  to  condi- 
tions in  New  York  Harbor.  As  I  understand,  the  teredo  is  not 
present  there,  but  the  harbor  has  considerable  salt-water  and  it  is 
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also  very  much  contaminated  with  sewage.  Do  you  think  that  the 
absence  of  the  teredo  is  due  to  the  presence  of  sewage?  Do  you 
think  that  possible? 

Prof.  Charles  A.  Kofoid:  Teredos  live  here  in  San  Francisco 
Bay  in  sewage-contaminated  waters.  It  is  possible  the  question  of 
food  supply  is  very  different  in  the  2  places,  but  I  do  not  know.  I 
have  seen  no  report  of  the  teredo  in  New  York  Harbor.  There  are 
few  reports  of  it  that  far  north. 

Mr.  Newman:  There  is  another  question  in  regard  to  the  per- 
manence of  reinforced  concrete  structures.  As  I  see  it,  based  on 
experience  with  reinforced  concrete  cylinders  and  precast  types, 
almost  any  form  of  concrete  construction  that  requires  the  deposit- 
ing of  material  in  water  is  liable  to  speedy  and  serious  deteriora- 
tion, and  is  not  to  be  counted  on  for  permanence.  The  only  2  forms, 
in  my  opinion,  are  reinforced  concrete  piles  and  the  precast  cylinder 
enclosing  the  pile  with  the  intervening  space  filled  with  grout  or 
some  other  material.  Our  experience  with  these  2  forms,  however, 
has  not  been  sufficient  to  enable  us  to  make  an  estimate  as  to  dura- 
tion of  life. 

The  reinforced-concrete  cylinder,  I  think,  should  be  condemned 
on  account  of  its  excessive  cost  and  the  numerous  opportunities  for 
faulty  construction. 

As  regards  the  use  of  creosoted  piling,  the  producers  of  this  ma- 
terial would  find  it  to  their  interest  to  adopt  precautions  to  insure 
proper  handling,  which  has  not  been  the  case  in  the  past. 

The  possibilities  of  faulty  workmanship  in  concrete  are  as  numer- 
ous in  cases  where  the  material  is  cast  in  place  as  they  are  with 
creosoted  piling.  In  one  of  the  concrete-pile  piers  that  we  built  on 
the  water-front,  the  first  one  of  its  type,  in  which  some  of  the  piles 
were  106  ft.  long,  I  believe  that  fully  90%  of  the  piles  were  driven 
without  any  injury  to  the  head.  They  were  seasoned  for  45  days; 
and,  by  the  way,  the  pier  cost  twice  as  much  per  square  foot  as  a 
creosoted-pile  pier,  and  the  question  is,  will  it  last  long  enough  to 
justify  that  extra  cost.  This,  to  my  mind,  is  the  essence  of  the 
entire  matter. 

Mr.  deWinton:  As  an  interested  onlooker,  not  belonging  to 
the  manufacturers  of  creosoted  piling,  this  argument  presents  td 
me  this  feature:  If  I  understood  Mr.  Brown's  figures  correctly 
there  were  9  concrete  piles  in  a  cluster  carrying  the  same  load  that 
he  does  with  creosoted  pile.  If  the  concrete  pile  per  foot  only  cost 
about  25  cents  more,  and  the  carrying  capacity  is  about  the  same 
with  concrete  as  with  creosoted  piles,  as  it  stands  today  these  argu- 
ments presented  about  avoiding  durable  construction  therefore  do 
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not  appeal  to  me.  If  the  cost  is  going  to  be  the  same,  why  not  build 
a  durable  pier  and  run  the  chance  of  its  ever  becoming  obsolete  in 
25  years?  The  extra  cost  of  the  concrete  pier  seems  to  me  is  not 
60  much,  and  I  can  see  a  very  strong  argument  in  favor  of  the  con- 
crete pile.  It  may  last  a  great  number  of  years  and  our  sizes  of 
docks  may  not  become  obsolete.     [Applause.] 

Mr«  H.  E.  Horrocks:  I  just  want  to  advance  another  argument 
as  a  creosoter  and,  if  possible,  bring  more  forcibly  to  the  attention 
of  every  one  here  what  Mr.  Newman  has  said  about  the  care  and 
handling  of  creosoted  pile. 

If  it  is  a  question  of  relative  economy,  that  is  a  simple  matter, 
a  comparatively  simple  matter  as  far  as  the  figures  are  concerned, 
for  engineers  that  handle  work  to  know  the  actual  comparative 
cost  with  concrete,  but  there  is  not  any  question  in  the  world  that 
if  you  take  a  creosoted  stick,  pile,  timber,  whatever  it  may  be, 
handle  it  roughly  and  show  the  same  lack  of  respect  for  it  that  is 
generally  displayed  for  wood  or  timber  piling  just  because  it  is 
wood,  you  are  liable  to  destroy  your  entire  investment  the  very 
first  time  you  puncture  it.  I  presume,  not  being  familiar  with  the 
materials,  that  there  are  ways  of  handling  concrete,  concrete  struc- 
tures and  concrete  members  in  structures  that  will  injure  them, 
but  I  do  know  that  the  careless  handling  of  creosoted  material  is  a 
crime,  and  I  want  to  repeat  it  is  liable  to  nullify  the  investment  re- 
turn. We  use  extra  care  at  the  plants.  We  know  what  it  means, 
and  that  it  is  the  simplest  thing  in  the  world  for  a  careless  work- 
man, if  he  is  not  properly  directed,  to  spoil  a  creosoted  pile  or  tim- 
ber the  first  time  he  handles  it. 

Mr.  £.  O.  Faulkner:  We  are  talking  about  creosote  for  creo- 
soted piles.  What  are  we  getting?  What  is  now  standard  for  the 
old  kind  of  creosote?  Are  they  giving  us  coal-tar  creosote  mixed 
with  wood-tar,  or  gas-tar,  or  some  other  mixed  tar  or  composition, 
and  calling  it  creosote?  The  life  of  creosoted  piling  depends  so 
much  upon  the  quality  of  the  creosote  that  I  think  we  should  know 
exactly  what  kind  we  are  talking  about. 

Prof.  Charles  A.  Kofoid:  Mr.  Chairman,  there  is  one  point  the 
last  speaker  raised  that  is  a  matter  of  considerable  biological  im- 
portance and  also  engineering  importance,  that  is,  to  determine  the 
repellent  substance  in  the  creosote  that  prevents  the  larvs  of  the 
teredo  from  settling  on  the  pile,  and  it  will  take  the  engrineer  and 
biologist  combined  to  determine  upon  those  points  and  bring  them 
to  a  satisfactory  conclusion.  It  is,  so  far  as  we  can  get  at  it  from 
the  biological  side,  a  matter  of  the  repellent  activity  of  the  creosote 
that  the  larva  will  not  bore  into  that  wood  for  some  reason,  proba- 
bly because  it  tastes  the  creosote. 
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Dr.  Hermann  von  Schrenk:  I  am  very  glad  Dr.  Kofoid  brought 
out  that  particular  phase  of  this  subject.  I  want  to  take  this 
occasion  to  express  my  appreciation,  which  I  know  all  of  us  feel  for 
this  most  fundamental  work  that  this  Committee  has  started,  and 
express  the  hope  that  this  is  a  start  and  they  will  keep  on  with  this 
tjrpe  of  investigation  in  spite  of  what  has  been  said  on  the  part  of 
some  of  our  enthusiastic  friends  about  creosoted  piling.  We  cannot 
close  our  eyes  to  the  fact  that  we  have  had  some  fine  creosoted 
piling,  treated  according  to  the  best  knowledge  of  the  times,  that 
has  not  stood  the  test  of  the  action  or  destruction  of  the  teredo. 

For  instance,  last  week  I  was  down  South  and  examined  some 
piling  in  our  southern  gulf  coast  waters.  The  material  had  been 
treated  so  far  as  we  knew  with  the  best  specification  coal-tar  creo- 
sote with  an  excellent  penetration  of  the  pile.  The  oil  had  pene- 
trated to  such  an  extent  that  you  could  squeeze  it  out  with  a  vise, 
nevertheless,  the  teredo  was  in  it. 

I  was  particularly  impressed  with  the  presentation  tonight,  be- 
cause of  the  fact  that  this  is  more  than  a  problem  of  San  Francisco 
Bay.  These  marine  borers  occur  all  along  our  salt-water  coasts, 
and  while  we  have  some  records  in  the  Gulf  of  Mexico  and  Atlantic 
Coast  and  some  on  the  Pacific  Coast,  they  are  all  extremely  full 
of  gaps. 

The  particularly  impressive  part  of  this  report  is  the  wisdom 
which  the  Committee  has  so  strikingly  shown  in  regarding  this 
problem  as  not  one  simply  for  the  creosoter,  but  fundamentally  a 
biologrical  and  a  physical  problem,  which  has  to  be  studied  very 
seriously  before  we  can  hope  to  write  the  specification  which  the 
last  speaker  called  attention  to  which  will  show  us  how  not  only  to 
treat  the  piling,  but  how  to  handle  it  in  order  to  get  the  maximum 
service  therefrom,  and  I  hope  this  Association  will  very  strongly 
endorse  the  recommendation  of  your  Committee  that  they  go  on 
with  this  work,  not  only  with  the  viewpoint  of  San  Francisco 
Harbor,  but  as  to  the  possible  effects  that  this  kind  of  work  may 
have  upon  the  salt-water  engineering  structures  in  other  parts  of 
this  country,  and  finally  prepare  a  specification  as  suggested  by 
Mr.  Faulkner. 

Mr.  Frank  G.  White:  I  just  want  to  mention  one  or  two  points 
that  have  been  made  in  previous  discussions.  There  was  some 
criticism  directed  at  the  Committee  because  it  was  not  sufficiently 
laudatory  of  creosoted  piles,  and  also  mention  was  made  of  ex- 
perience in  other  places. 

Now,  this  was  a  report  of  the  San  Francisco  Bay  Marine  Piling 
Committee,  and  it  was  a  survey  of  conditions  on  San  Francisco  Bay, 
and  that  particular  question  was  discussed  a  number  of  times  as  to 
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whether  this  Committee  should  go  outside  this  particular  district 
in  furnishing  any  information  or  drawing  any  conclusions.  The  de- 
cision was  that  this  investigation  would  be  limited  strictly  to  San 
Francisco  Bay,  and  insofar  as  possible  it  should  deal  entirely  with 
facts,  and  that  is  what  the  Committee  has  tried  to  do  in  drawing 
its  conclusions  and  presenting  the  facts  regarding  creosoted  piling. 
The  Committee  has  attempted  to  give  only  facts  and  to  draw  no  con- 
clusions which  could  not  be  backed  up  by  those  facts.  That  is 
true  not  only  of  the  creosoted  piling  but  of  the  other  tjrpes  of  con- 
struction which  have  been  mentioned,  and  while  mention  has  been 
made  of  the  destruction  of  reinforced  concrete  structures  in 
Southern  California  after  a  life  of  10  years  and  a  structure  along 
the  Atlantic  Coast,  again  I  say  the  Committee  was  dealing  with 
facts  as  it  finds  them  in  San  Francisco  Bay,  and  those  facts  are  that 
pre-cast  concrete  construction  in  San  Francisco  Bay  having  a  life 
of  10  years  at  the  present  time  shows  absolutely  no  signs  of  deterio- 
ration. We  do  not  know  how  long  it  is  going  to  last,  and  we  make 
no  statement  as  to  how  long  it  would  last.  We  simply  said  it  had 
undoubtedly  a  long  life  yet. 

As  far  as  costs  are  concerned  and  the  probable  decrease  in  the 
cost  of  creosoted  piling,  there  again  we  are  dealing  with  facts,  and 
the  tacts  are  that  the  creosoted  piles  at  this  time  are  high  and 
what  they  may  be  in  the  future  we  do  not  know.  We  hope  they  will 
be  lower,  but  we  are  dealing  with  facts  as  to  the  price  of  creosoted 
piling  at  this  time  as  compared  with  concrete  construction. 
[Applause.] 

Mr.  a.  E.  Larkin:  Referring  to  the  quality  of  oil  that  has  re- 
mained in  the  piling  which  has  withstood  the  ravages  of  decay  and 
the  marine  borers  all  these  years,  your  attention  is  called  to  parts 
of  the  Pboceedings  of  1920  where  it  is  plainly  shown  that  the  oil 
taken  from  piling  that  has  remained  in  serviceable  condition  for 
29  years  is  the  more  stable  portions  of  the  oil  and  practically  only 
the  higher  boiling  parts  of  the  oil.  The  analysis  referred  to  shows 
that  the  oil  that  has  preserved  this  piling  during  that  period  is  the 
oil  found  in  the  piling,  the  balance  of  the  oil,  namely,  the  more 
volatile  parts  of  it,  having  left  the  piling  before  it  was  examined, 
if,  indeed,  any  oil  except  the  heavier  portions  was  used  in  the  first 
place.  The  records  are  not  clear  as  to  just  what  kind  of  oil  was 
used  in  the  treatment  of  this  particular  piling. 

It  is  clear,  however,  that  the  largest  part  of  the  oil  remaining 
in  the  piling  was  that  portion  boiling  above  235''  and  having  a 
specific  gravity  of  1.11  and  1.12. 

This  demonstrates  to  us  that  there  is  no  need  of  introducing  as  a 
preservative  any  oil  but  the  pure  high-boiling  creosote  oil  that  is 
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stable  and  that  will  Hot  volatilize,  but  that  will  remain  in  the  piling 
indefinitely,  just  like  the  oil  that  has  been  found  in  the  piling  after 
29  years  of  service. 

Mr.  C.  M.  Taylor:  It  seems  well  for  someone  to  make  a  motion 
to  thank  this  Committee  for  bringing  in  such  excellent  facts  that 
they  have  gotten  together  of  the  conditions  in  San  Francisco  Bay. 
I  have  been  interested  in  marine  piling  for  a  good  many  years, 
and  no  one  part  of  the  country  has  undertaken  and  developed  such 
remarkable  data  as  this  Committee  has  done.  As  Mr.  White  has  so 
plainly  stated,  they  have  given  only  the  facts  of  the  case  as  they 
exist,  and  I  must  congratulate  the  Committee  for  being  so  true  to 
conditions  as  it  found  them  in  the  report.  I  cannot  feel  that  any- 
body can  say  one  way  or  another  but  that  it  has  followed  the  facts 
as  it  found  them,  and  I  would  like  to  make  a  motion  at  this  time 
thanking  the  Committee  for  the  work  it  has  done  and  trust  that  it 
may  see  its  way  to  proceed  with  this  work,  which  needs  the  co- 
operation of  such  a  loyal  and  enthusiastic  body  as  it  has  had  this 
last  year. 

Dr.  Hermann  von  Schrenk:     I  second  the  motion. 

The  President:  Gentlemen,  you  have  heard  the  motion  and  the 
second.  All  in  favor  respond  by  saying  "aye";  contrary,  isame 
sign;  it  is  so  ordered. 

Mr.  a.  a.  Brown  :  I  hope  that  none  of  our  good  friends  have  felt 
that  I  have  an  axe  out  for  creosoted  piling,  for  I  am  not  selling  con- 
crete; I  am  not  selling  cement;  I  am  not  selling  creosote,  but  simply 
using  the  materials  in  construction.  Now,  there  are  defects  in  the 
treatment  of  creosoted  piling  I  think  we  ought  to  note,  and  if  possi- 
ble we  ought  to  correct  them. 

We  should  make  every  material  that  we  are  using  the  very  best 
material  possible,  whether  that  be  creosoted  or  concrete.  The  work 
that  has  been  done  I  think  would  be  very  largely  lost  if  not  con- 
tinued. We  are,  for  instance,  at  our  plant,  tearing  out  old  piles  and 
will  continue  to  tear  them  out  for  the  next  2  or  3  months,  and  then 
we  will  leave  in  a  sufficient  number  of  old  piles  that  will  enable 
us  to  break  off  1  or  2  every  week  through  the  entire  period  of  fresh- 
water to  determine,  if  possible,  the  time  at  which  the  teredoes  are 
exterminated,  if  they  are  ever  exterminated. 

We  have  an  interesting  condition  at  Crockett  today.  Our  barges 
go  out  into  the  middle  of  the  stream  and  get  fresh-water.  At  the 
dock  we  have  50  parts  per  100,000  of  salt,  in-shore  100  ft.  we  have 
100  parts  and  still  farther  in  we  have  250  parts,  and  there  are 
places,  no  doubt,  where  we  have  probably  500  parts  of  salt  per 
100,000,  notwithstanding  that  a  few  feet  off  the  stringer  you  can 
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get  8  parts  per  100,000.  It  is  evident  then  that  some  of  the  teredoes 
will  probably  last  throughout  this  season,  at  least  we  think  they 
will.  We  are  going  to  watch  it  and  see  Vhether  they  do.  Then  we 
have  new  samples  to  see  when  the  breeding  season  begins.  It  would 
be  a  very  great  mistake,  I  believe,  if  we  stopped  the  investigation 
at  this  point  when  we  are  really  beginning.  It  is  going  to  take 
many  years  to  accumulate  service-data  that  will  be  of  genuine 
help  in  marine  construction  and  that  is  what  I  believe  we  are  all 
working  toward  now. 

I  would  like  to  move  that  this  investigation  be  continued  through- 
out the  coming  year,  and  I  hope  it  will  be  continued  from  year  to 
year.  The  local  committee,  I  presume,  will  have  to  arrange  very 
largely  to  finance  the  continuation  of  the  work. 

The  President:  Gentlemen,  Mr.  Brown  has  made  a  motion  that 
the  work  be  continued.    Is  there  a  second  to  that  motion? 

Dr.  Hermann  von  Schrenk:     I  second  the  motion. 

Member:  I  would  like  to  ask  if  Mr.  Brown  intended  that  the 
Committee  should  continue  its  work  only  in  San  Francisco  Harbor. 
We  have  with  us  practically  all  the  representatives  of  the  East  on 
the  lumber  question,  and  I  would  like  to  incorporate  with  that  an 
invitation  to  make  some  investigation  and  send  it  back  to  us. 

Mr.  a.  a.  Brown  :  Our  work  here  should  be  limited  to  San  Fran- 
cisco Bay,  for  the  physical  reason  that  we  cannot  get  about  to 
widely  separated  points.  If  it  is  the  desire  of  this  organization  that 
the  investigation  be  extended  to  other  sections  I  believe  a  com- 
mittee appointed  from  the  Southern  States,  and  one  from  the  At- 
lantic Coast  could  initiate  and  carry  it  through,  but  our  work  here 
I  think  is  of  sufficient  magnitude  to  command  all  of  our  attention, 
and  we  should  not  spread  ourselves  out  so  as  to  be  ineffective  and 
inefficient. 

The  President:  I  think  Mr.  Brown  has  answered  the  question 
very  nicely. 

Mr.  Geo.  M.  Hunt:  It  seems  to  me  that  in  order  to  get  this 
work  started  and  under  way  as  quickly  as  possible,  to  get  some 
idea  of  exactly  what  the  Committee  can  do  and  what  it  cannot  do 
in  the  way  of  raising  money,  and  to  decide  in  what  ways  the  money 
they  can  raise  can  best  be  spent,  a  sort  of  steering  committee  should 
be  appointed,  a  small  committee,  to  study  the  matter  for  a  short 
time  and  perhaps  plan  what  should  be  undertaken  for  the  year  and 
make  recommendations  to  the  Executive  Committee  as  to  the  nature 
and  size  and  personnel  of  the  larger  Committee  which  it  might  be 
desirable  to  appoint  later.  I  believe  it  would  be  better  to  start  out 
with  a  small  committee  this  year  and  in  a  few  weeks  enlarge  it, 
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than  to  start  out  with  the  whole  committee  and  try  to  get  them  to- 
gether, so  I  should  like  to  move  as  an  amendment  to  Mr.  Brown's 
motion  that  a  committee  «of  5  be  appointed  by  the  Chairman  to 
outline  this  work  and  make  the  plans  and  recommendations  to  the 
Executive  Committee. 

(Motion  seconded.) 

The  President:  All  those  in  favor  will  say  "aye";  contrary, 
same  sign;  it  is  so  ordered. 

Mr.  W.  H.  Kirkbride:  Mr.  Chairman,  I  move  that  a  vote  of 
thanks  be  extended  to  the  firms  and  individuals  that  contributed 
financially  to  make  this  report  a  success. 

Mr.  a.  a.  Brown:     Second  the  motion. 

The  President:  It  has  been  moved  and  seconded  that  a  vote  of 
thanks  be  extended  to  the  firms  and  individuals  who  contributed  to 
this  work.  All  those  in  favor  respond  by  saying  "aye";  contrary, 
same  sign;  it  is  so  ordered. 

If  there  is  no  further  business  we  will  stand  adjourned  until  10 
o'clock  tomorrow  morning. 

WEDNESDAY  MORNING  SESSION 
January  26,  1921 

The  President:  The  meeting  will  please  come  to  order.  We 
have  a  communication  from  the  Chairman  of  our  Committee  on 
Treating  Plant  Insurance.  This  Committee  was  appointed  late  in 
the  year,  and  has  not  had  an  opportunity  to  organize  and  make  a 
formal  report.  The  Committee  wishes  to  be  continued  in  order  that 
it  may  make  a  proper  report  for  next  year.  The  matter  will  be 
referred  to  the  Executive  Committee. 

In  the  middle  of  last  year  we  appointed  a  Committee  on  Indus- 
trial Ties,  a  rather  unusual  committee.  A  preliminary  report  has 
been  handed  in,  and  we  will  ask  the  Secretary  to  read  this  report. 

REPORT  OF  COMMITTEE  ON  INDUSTRIAL-TIE  SERVICE 

To  the  Members  of  the  American  Wood-Preservers*  Association: 

As  the  Industrial-Tie  Service  Committee  was  not  bom  until  the 
fall  of  1920  we  have  not  been  able  to  acquire  much  data  on  our 
subject. 

The  object  of  this  Committee  is  to  study  and  record  the  service 
rendered  by  treated  ties  in  industrial  tracks,  under  widely  varjring 
conditions,  and  so  secure  reliable  information  on  which  to  base 
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suggestions  and  recommendations  as  to  the  kind  of  ties  and  treat- 
ment best  suited  to  meet  various  industrial  track  requirements. 

By  industrial  tracks  we  mean  switch-tracks,  siding-tracks,  yard- 
tracks,  etc.,  in  and  serving  industrial  plants. 

Most  industrial-tie  users  have  had  little  or  no  experience  with 
treated  ties,  and  in  consequence  do  not,  in  a  full  measure,  realize 
the  economies  that  will  result  from  their  intelligent  use. 

It  is  right  at  this  point  that  this  Committee  can  be  of  the  greatest 
value  to  our  Association,  by  stimulating  interest  in  treated  ties, 
timbers,  etc.,  for  industrial  plant  use,  disseminating  information  on 
the  subject,  and  offering  suggestions  to  solve  the  individual  prob- 
lems as  presented. 

The  entire  membership  of  this  Association  can  cooperate  with 
us  along  this  line  by  referring  inquiries  of  this  nature  to  us,  with 
the  assurance  that  all  such  inquiries  for  information  will  receive 
careful  consideration  and  prompt  response. 

We  will,  in  turn,  have  to  ask  for  help  from  our  best  informed 
members  when  puzzling  questions  arise  which  we  find  ourselves 
unable  to  answer  authoritatively. 

So  far  as  its  relation  to  the  industrial-tie  trade  is  concerned, 
this  Committee  now  finds  itself  in  a  position  about  analogous  to 
that  of  the  wood-preserving  industry  at  its  inception,  except  that 
we  have  the  knowledge  and  experience  of  this  Association  to  guide 
and  assist  us. 

For  the  reasons  set  forth  it  is  only  possible  in  this  report  to  out- 
line the  object  of  this  Committee,  and  under  the  conditions  we 
respectfully  recommend  that  the  Committee  be  continued  for  an- 
other year. 

H.  B.  Kehoe,  Chairman, 
A.  W.  Armstbong, 

W.  H.  CUPTON. 


The  President:  If  there  is  no  objection  we  will  accept  the  re- 
port of  the  Committee  as  information,  and  refer  it  to  the  Executive 
Committee. 

We  would  like  to  make  a  change  from  the  original  program  and 
have  the  paper  on  "History  and  Growth  of  the  Treated  Wooden 
Silo,"  by  Keller  J.  Bell.  We  will  ask  Mr.  Crawford  to  present 
this  paper. 
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history  and  growth  of  the  treated  wooden 

SILO. 

By  Keller  J.  Bell.* 

Some  3  months  ago  the  Chairman  of  your  Program  Committee 
asked  me  to  prepare  a  paper  on  the  "History  and  Growth  of  the 
Treated  Wooden  Silo,"  and  after  some  10  years'  experience  in  the 
manufacture,  sale  and  construction  of  this  form  of  silo,  I  venture 
to  give  you  some  of  the  results  which  we  have  obtained. 

History  of  the  Silo. 

It  is  hard  to  state  with  certainty  just  when  the  first  silos  were 
constructed  in  the  United  States,  possibly  as  soon  as  the  early  '80s. 
My  father  located  among  the  Pennsylvania  Dutch  in  Pennsylvania, 
started  feeding  silage  in  1892,  and  although  I  did  not  go  into  the 
manufacture  of  silos  myself  until  1908,  the  nature  of  my  former 
business  was  such  that  I  have  been  in  touch  with  the  different 
forms  of  silo  construction  for  nearly  30  years. 

The  silos  that  were  constructed  25  or  30  years  ago  were  all 
made  of  wood  and  were  entirely  what  we  termed  "homemade  struc- 
tures," the  most  conmion  construction  being  the  placing  of  2x4'8  or 
2x6's  on  end  in  a  circle  and  lining  them  around  the  inside  with  2, 
3  or  4  thicknesses  of  thin  boards  bent  in  a  circle  and  nailed  to  the 
inside  of  the  uprights.  It  was  the  usual  custom  to  place  at  least 
1  thickness  of  paper  between  each  layer  of  boards. 

This  construction,  when  properly  erected,  made  an  air-tight 
silo,  but  it  was  impossible  to  get  a  smooth  surface  on  the  inside. 
Consequently,  there  was  quite  a  bit  of  friction  on  the  inside  of  the 
wall  which  prevented  a  proper  settling  of  the  silage.  The  above 
construction  was  practically  abandoned  some  10  or  15  years  later, 
on  account  of  the  fact  that  moisture  would  get  in  between  the  dif- 
ferent layers  of  boards  and  rot  them  in  a  comparatively  short  time. 

The  next  construction  was  what  is  commonly  known  as  the 
"plain-stave"  silo,  which  kept  the  silage  perfectly  when  properly 
constructed,  and  would  last  a  reasonable  length  of  time,  provided 
clear  heart  lumber  was  used,  but  where  any  considerable  part  of 
the  staves  were  sap  the  sap  part  decayed  in  a  comparatively  short 
time,  which  made  the  silo  useless. 

The  main  objection,  however,  to  the  "plain-stave"  silo  was  the 
fact  that  it  was  almost  impossible  to  keep  it  standing  erect  as  well 
as  to  keep  the  walls  air-tight,  the  chief  reason  for  this  trouble 
being  that  the  staves  were  constantly  swelling  and  shrinking. 
When  the  silo  was  empty  the  staves  would  dry  out.    If  the  user 

•President,  Western  Silo  Company. 
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failed  to  keep  constantly  tightening  his  hoops,  the  silo  would  get 
loose  and  collapse.  If  he  used  care  and  kept  the  hoops  tight  and 
filled  the  silo  without  loosening  the  hoops  the  steam  and  moisture 
that  came  from  the  curing  of  the  silage  after  the  silo  was  filled 
would  swell  the  staves  to  such  an  extent  that  they  would  often 
buckle  or  burst  the  hoops. 

In  the  Eastern  and  Northern  States,  where  the  silos  are  com- 
paratively small,  the  ''plain-stave"  silo  gave  reasonably  good  satis- 
faction. There  are  thousands  of  them  in  use  today,  and  a  great 
many  of  them  are  being  sold  each  year,  but  in  the  open  country 
(by  which  I  mean,  the  corn-belt — Indiana,  Illinois,  Iowa,  the 
West  and  Southwest)  where  the  silos  were  not  usually  protected  by 
large  bams  and  where  the  winds  are  much  stronger,  so  many  of 
them  collapsed  that  both  the  users  and  prospective  purchasers  of 
silos  sought  a  different  construction  and,  as  a  consequence,  begin- 
ning about  1907  or  1908,  there  were  a  great  many  cement  mono- 
lithic and  hollow-tile  silos  erected. 

Essentials  of  a  Qood  Silo. 

I  might  state  right  here  that  the  history  of  silos  had  advanced 
to  such  a  degree  that  users  of  silage  were  beginning  to  understand 
some  of  the  essential  features  of  a  good  silo.  These  were :  the  silo 
must  be  permanent,  that  is,  the  material  of  which  it  is  constructed 
must  not  rot,  crack  or  deteriorate ;  it  must  not  shrink  or  swell,  due 
to  the  adverse  conditions  under  which  it  is  subjected  when  full  and 
empty;  it  should  be  waterproof  and  air-tight,  and  it  must  be  con- 
structed of  material  that  will  retain  the  heat,  that  is,  noncon- 
ducting. 

A  temperature  of  100**  to  120**  is  required  to  properly  cure 
silage.  At  silo-filling  time  the  average  night  and  day  atmospheric 
temperature  is  about  60  "^  and  it  requires  a  temperature,  on  the 
inside  of  the  silo,  of  about  120''  to  properly  cure  silage.  It  will, 
therefore,  be  seen  that  the  difference  between  atmospheric  temper- 
ature and  that  required  to  properly  cure  silage  is  about  60''. 

Kinds  of  Silos  in  Use  and  Their  Failure. 

The  untreated  wooden  silo  has  been  pretty  well  described  in  the 
history  and  growth  of  the  silo,  as  it  was  this  form  of  construction 
that  was  first  used,  and  in  this  make  the  real  value  of  silage  became 
known.  We  will  now  give  a  brief  description  of  some  of  the  other 
forms. 

The  masonry  construction  at  first  appealed  very  forcibly  to  the 
users,  but  they  soon  discovered,  especially  those  who  had  used  the 
wooden  construction,  that  it  was  impossible  to  cure  the  silage  in 
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masonry  without  suffering  a  very  considerable  loss  around  the  walls 
of  the  silo. 

After  the  masonry  silos  had  been  up  for  several  years  it  was 
discovered  that  they  were  not  permanent  structures  in  a  great 
many  instances,  for  the  reason  that  the  acid  in  the  silage  caused 
the  cement  or  mortar  to  deteriorate  to  such  an  extent  that  this  type 
became  coarse  and  very  rough  on  the  inside,  and  many  of  the  tile 
silos  had  be  re-pointed  at  a  considerable  cost,  notwithstanding  the 
fact  that  it  was  almost  impossible  to  re-point  them  and  make  them 
as  tight  as  they  ought  to  be  in  order  to  exclude  the  air. 

In  contrasting  the  masonry  silo  with  the  old  wooden  silo  it  is 
true  that  a  wooden  silo  is  more  nearly  air-tight  than  almost  any 
known  type,  and  this  is  often  given  as  a  reason  why  its  silage  is 
better  than  that  cured  in  the  masonry  tjrpe. 

But  in  my  opinion,  the  principal  cause  for  spoiled  silage  around 
the  walls  of  masonry  silos  is  largely  a  matter  of  temperature. 
Any  tjrpe  of  masonry  wall  is  only  not  a  nonconductor  of  heat  and 
cold,  but  is  in  reality  a  very  good  conductor,  and  as  a  consequence 
the  outside  and  inside  temperatures  equalize  around  the  inside  of 
the  wall  of  the  silo,  and  the  silage  does  not  properly  cure  around 
the  wall.  In  many  instances  this  results  in  rotten  silage,  but  in 
all  cases  there  is  a  layer  of  dry,  doughy  and  valueless  silage 
around  the  inside  of  the  wall. 

Many  farms  have  used  masonry  silos  for  years  and  still  insist 
that  they  do  not  have  any  spoiled  silage,  ^ut  the  g^reater  majority 
of  them,  especially  those  who  have  had  experience  with  wooden 
silos,  have  discovered  that  they  really  lose  from  b%  to  lb%  of  the 
feed  in  a  masonry  silo  over  and  above  their  maximum  loss  with  a 
wooden  silo.  I  watched  this  development  very  carefully,  and 
decided  about  12  or  13  years  ago  that  if  a  permanent  wooden  silo 
could  be  produced  that  wooden  construction  would  eventually  be 
the  commonly  used  tjrpe  of  silo. 

By  the  masonry  type  afbove  referred  to  we  mean  tile,  concrete 
block,  double  or  triple-walled  brick,  cement  stave,  stone  or  any  form 
by  which  the  pieces  are  cemented  together  by  means  of  mortar. 
What  has  been  said  of  the  masonry  silo  can  be  said  of  the  poured- 
concrete  type,  or  of  steel,  or  any  form  of  metal.  In  fairness  to 
the  metal  silo  it  can  be  said  that  it  is  more  nearly  air-tight,  but  it 
is  also  a  splendid  conductor  of  heat,  and,  therefore  lacks  the  prin- 
cipal essential  of  a  good  silo. 

Untreated  or  Superficially  Treated  Wooden  Silos. 

The  untreated  wooden  silo  does  not  fulfill  all  of  the  essentials 
of  a  good  silo  as  stated  above.     Most  of  these  failures  have  been 
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brought  out  in  giving  the  history  of  the  silo,  and  what  has  been 
said  with  reference  to  the  failures  of  the  untreated  wooden  silo 
can  be  applied  almost,  if  not  entirely,  to  the  superficially  treated 
silo.  I  do  not  mean  to  state  a  superficial  treatment  with  a  good 
preservative  has  no  value,  but  it  has  not  the  value,  or  nothing  like 
the  value,  of  a  thoroughly  impregnated  silo,  and  one  of  the  points 
I  wish  to  discuss  most  in  presenting  this  phase  of  the  subject  to 
the  public  is  that  many  a  superficially  treated  silo  with  a  preserva- 
tive of  little  or  no  value  has  been  sold  as  a  treated  silo,  based  upon 
the  reputation  gained  by  a  well  treated  silo  by  the  pressure  process. 
Therefore,  in  discussing  the  merits  and  demerits  of  the  super- 
ficially treated  silo  I  wish  to  utter  a  word  of  warning,  to  beware  of 
the  superficially  treated  silo!  Those  superficially  treated  with  a 
non-preservative  have  little  or  no  value.  The  treatment  is  merely 
a  ruse,  while  those  superficially  treated  with  a  good  preservative 
have  a  value  no  doubt  equivalent  to  the  cost  of  the  treatment  (if 
one  is  not  made  to  pay  for  a  full  treatment),  yet  its  value  com- 
pared to  its  cost  is  low  when  contrasted  with  a  silo  well  treated  by 
the  pressure  process.  It  must  not  be  forgotten  that  one  of  the 
principal  essentials  of  a  well-treated  silo  is  that  the  treatment 
must  prevent  swelling  of  the  staves,  and  this  cannot  be  accom- 
plished by  a  superficial  treatment. 

Treated  Wooden  Silo. 

If  I  may  be  permitted  again  to  refer  to  the  history  of  silos  I 
would  like  to  state  briefly  the  process  we  went  through  in  attaining 
our  present  treated  silo.  During  1909  and  1910  3  or  4  of  the 
largest  paint  companies  in  the  country  supplied  me  with  different 
materials  which  I  attempted  to  apply  to  the  staves  by  the  boiling 
process.  In  every  instance  this  was  an  improvement  over  the  plain 
stave,  but  I  could  not  get  sufficient  penetration  to  prevent  the 
staves  from  swelling  when  the  silos  were  filled.  I  finally  went  to 
the  United  States  Forest  Service,  and  they  suggested  that  I  would 
probably  get  better  results  by  using  dead  oil  of  coal  tar  or  creosote 
by  the  pressure  process. 

Upon  investigation  I  found  that  there  were  two  well-known 
theories  in  the  application  of  creosote  by  pressure,  one  known  as 
the  full-cell  process,  and  the  other  as  the  empty-cell  process.  Upon 
looking  into  the  full-cell  process,  I  learned  that  it  would  not  only 
be  more  costly  than  the  empty-cell  process,  but  that  it  was  likely 
to  leave  the  staves  with  the  oil  oozing  out,  making  them  sticky  or 
gummy,  and  that  this  would  be  raised  as  an  objection  in  the  sale 
of  the  silos. 

I  further  learned  that  there  were  two  methods  used  in  obtain- 
ing the  empty-cell  treatment,  one  known  as  the  ''empty-cell  process 
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with  initial  air  pressure,"  and  the  other  the  "empty-cell  process 
with  final  vacuum." 

In  1911  I  had  several  hundred  thousands  of  staves  treated 
with  the  *'empty-cell  process  with  initial  air  pressure."  This  treat- 
ment proved  unsatisfactory  for  two  main  reasons.  One  was  that 
the  penetration  was  not  sufficiently  uniform  in  the  same  character 
of  staves,  and  as  a  consequence  portions  of  the  staves  would  take 
moisture  and  swell.  A  further  difficulty  was  that  the  staves  would 
bleed  after  treatment,  and  farmers  raised  the  objections  that  they 
were  losing  part  of  the  oil  for  which  they  had  paid,  and  that  the 
treated  staves  were  difficult  to  handle  in  erecting  the  silo.  Conse- 
quently, I  found  that  although  my  troubles  had  been  partly 
eliminated,  I  had  not  yet  effected  a  complete  cure. 

When  I  began  the  treatment  of  staves  on  a  large  scale  in  1912, 
to  my  knowledge,  I  was  the  originator  of  the  pressure-treated  silos. 
By  accident  I  learned  that  a  silo  had  been  treated  by  a  Mr.  S.  S. 
Smith  on  a  farm  located  2  miles  south  of  Bloomington,  Indiana.  I 
immediately  visited  this  farmer,  and  inspected  his  silo.  I  learned 
that  it  had  then  been  up  about  3  years,  and  although  he  had  never 
tightened  a  hoop,  the  silo  was  perfectly  tight.  There  had  been  no 
seepage  or  bleeding  of  creosote  from  the  staves  since  treatment.  I 
secured  3  or  4  of  these  staves  that  were  left  over  after  the  silo  was 
erected,  cut  them  in  two,  and  discovered  that  the  treatment  was 
very  much  more  uniform  than  was  found  to  be  the  case  with  the 
staves  I  had  been  using 

Upon  further  investigation  I  learned  that  these  staves  had 
been  treated  by  the  "empty-cell  process  with  final  vacuum,"  and  in 
1913  I  made  a  contract  with  a  creosoting  firm  who  used  this  pro- 
cess. By  slightly  modifying  this  process  to  meet  the  conditions 
under  which  silo  staves  were  subjected,  we  feel  that  we  have  now 
thoroughly  eliminated  our  troubles,  and  that  at  last  we  have  a  silo 
that  absolutely  meets  all  the  essentials  necessary  to  a  good  silo. 
We  have  tested  hundreds  of  staves  treated  by  the  process  we  are 
now  using,  and  never  in  a  single  instance  have  had  one  of  them  to 
swell.  We  made  these  experiments  largely  by  submerging  the 
entire  stave  in  water,  leaving  it  in  the  water  from  24  hours  to  2 
weeks.  We  would  then  take  the  stave  out  of  the  water  and  rub 
the  surface  water  off  and  re-weigh  it,  and  as  a  result  found  that  it 
had  not  increased  in  weight  more  than  from  1%  to  3%  and  that 
there  was  positively  no  swelling. 

During  the  past  8  years  we  have  sold  about  16,000  silos.  Our 
business  is  growing  rapidly,  especially  where  we  have  the  treated 
silo  introduced,  and  I  am  of  the  firm  belief  that  we  have  a  silo  that 
will  absolutely  predominate  silo  construction  in  the  future. 
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We  fully  expect  a  length  of  life  of  from  35  years  to  50  years 
from  these  silos.  We  have  many  silos  that  have  been  up  5,  6  or  7 
years  that  have  never  had  a  wrench  on  the  hoops.  In  other  cases 
the  hoops  have  only  been  gone  over  once,  in  the  middle  of  the  first 
season.  We  always  reconmiend  this,  because  there  is  bound  to  be 
a  slight  shrinkage  if  the  staves  are  not  perfectly  dry  when  treated, 
or  if  they  are  treated  during  a  wet  season.  There  is  also  a  certain 
amount  of  settling  in  the  joints  of  the  staves  after  the  silo  is 
erected. 

The  President:  Gentlemen,  you  have  heard  the  paper.  We 
are  ready  for  discussion.  If  there  is  no  discussion  on  this  paper 
we  will  call  on  Mr.  Horrocks  and  his  Committee  to  present  reports 
on  the  specifications  for  the  treatment  of  creosoted  Douglas  fir 
pa^^ing  blocks. 

Mr.  Carl  G.  Crawford:  Mr.  President,  I  have  a  little  matter  to 
bring  before  the  Association  that  for  various  reasons  I  would  like 
to  present  at  this  particular  time.  I  think  you  will  understand  my 
reasons  for  bringing  this  up  at  this  time  as  soon  as  it  has  been 
presented. 

We  have  with  us  this  morning  one  of  our  early  members,  Mr. 
David  Allerton,  and  I  would  like  to  propose  his  name  for  Honorary 
Membership  in  this  Association.  I  believe  it  requires  at  least  10 
members  to  place  a  proposal  for  Honorary  Membership  before  the 
Association.  I  am  presenting  Mr.  Allerton's  name  on  request  of 
the  following  members:  Dr.  von  Schrenk,  Walter  Buehler,  E.  J. 
Stocking,  Carl  G.  Crawford,  J.  H.  Waterman,  0.  C.  Steinmayer, 
C.  E.  Gosline,  £.  E.  Alexander,  Andrew  Gibson,  R.  F.  Hosford, 
A.  E.  Larkin,  R.  L.  Allardyce,  S.  D.  Cooper,  R.  S.  Belcher,  F.  D. 
Mattos  and  L.  C.  Drefahl.  I  would  like  to  make  a  motion  at  this 
time  to  admit  Mr.  Allerton  to  Honorary  Membership  in  this 
Association. 

Mr.  F.  J.  Angier:     I  would  like  to  second  the  motion. 

The  President  :  It  has  been  regularly  moved  and  seconded  that 
Mr.  David  Allerton  be  made  an  Honorary  Member  of  our  Associa- 
tion. Are  you  ready  for  the  question?  All  in  favor  respond  by 
rising.  (All  the  members  rose  to  their  feet.)  It  is  so  ordered. 
[Applause,'] 

Mr.  David  Allerton:  Gentlemen,  I  thank  you.  This  has  been 
most  unexpected,  and  you  will,  therefore,  not  expect  me  to  make 
an  extemporaneous  speech,  except  to  say  I  sincerely  thank  you. 
[Applause,] 

The  President:  Will  the  Committee  on  Douglas  Fir  Paving 
Blocks  please  come  forward? 
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report  of  committee  no.  5-3— specification  for 

treatment  of  creosoted  douolas-fir 

paving  blocks. 

To  the  Members  of  the  American  Wood-Preservers*  Association: 

Timber. 

(1)  Kind. — The  wood  from  which  the  blocks  are  to  be  manu- 
factured shall  be  Douglas  fir.  The  blocks  must  be  sound  and  must 
be  well  manufactured,  square-butted,  square-edged,  free  from  un- 
sound, loose  or  hollow  knots,/  knot  holes,  worm  holes,  and  other 
defects,  such  as  shakes,  checks,  etc.,  that  would  be  detrimental  to 
the  blocks.  The  upper  half  of  the  block  shall  be  entirely  free  of 
knots.  Blocks^  shall  show  at  least  6  annual  rings  in  each  inch 
measured  radially.     Sapwood  shall  not  be  considered  a  defect.     * 

Size  of  Blocks. 

(2)  The  blocks  shall  be  from  5  to  10  inches  long,  but  should 
preferably  average  2  times  the  depth;  they  should  be  4  inches  in 
depth  for  very  heavy  traffic  streets,  3%  inches  in  depth  for  moder- 
ate traffic  streets,  and  for  light  traffic  streets  they  should  be  3 
inches  in  depth;  but  where  3-inch  blocks  are  used  no  block  shall  be 
longer  than  8  inches.  They  shall  be  from  3  inches  to  4  inches  in 
width,  but  in  any  one  city  block  all  of  them  shall  be  of  uniform 
width.  A  variation  of  1-16  inch  shall  be  allowed  in  the  depth  and 
%  inch  in  the  width  of  the  blocks  from  that  specified.  In  all  cases 
the  width  shall  be  greater  or  less  than  the  depth  by  at  least  %  inch. 

Preservatives. 

(3)  Coal-Tar  Oil. — The  oil  shall  be  a  coal-tar  product,  of 
which  at  least  65%  shall  be  a  distillate  of  coal-gas  tar  or  coke-oven 
tar,  and  the  remainder  shall  be  refined  or  filtered  coal-gas  tar  or 
coke  oven  tar. 

It  shall  comply  with  the  following  requirements : 

(1)  It  shall  not  contain  more  than  3%  of  water. 

(2)  It  shall  not  contain  more  than  S%  of  matter 

insoluble  in  benzol. 

(3)  The  specific  gravity  of  the  oil  at  38''  compared 

with  water  at  15.5*"  C.  shall  not  be  less  than 
1.07,  nor  more  than  1.12. 

(4)  The  distillate,  based  on  water-free  oil,  shall  be 

within  the  following  limits: 

Up  to  210**  C,  not  more  than  5%. 
Up  to  235**  C,  not  more  than  25%. 
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(5)  The  specific  gravity  of  the  fraction  between  235° 

C.  and  Zlb**  C.  shall  be  not  less  than  1.03  at 
38**  compared  with  water  at  15.5 •*  C. 
The  specific  gravity  of  the  fraction  between  315** 
C.  and  355"*  C.  shall  be  not  less  than  1.10  at 
38°  compared  with  water  at  15.5°  C. 

(6)  The  residue  above  355°  C,  if  it  exceeds  35%, 

shall  have  a  float-test  of  not  more  than  80 
seconds  at  70°  C. 

(7)  The  oil   shall   yield  not  more  than   10%    coke 

residue. 

(8)  The  foregoing  tests  shall  be  made  in  accordance 

with  the  standard  methods  of  the  American 
Wood-Preservers'  Association. 

Distillate  Oil. — The  oil  shall  be  a  distillate  of  coal-gas  tar 
or  coke-oven  tar.     It  shall  comply  with  the  following  requirements : 

(1)  It  shall  not  contain  more  than  3%  of  water. 

(2)  It  shall  not  contain  more  than  0.5%  of  matter 

insoluble  in  benzol. 

(3)  The  specific  gravity  of  the  oil  at  38°  compared 

with    water    at    15.5°    C.    shall    be   not    less 
than  1.06. 

(4)  The  distillate,  based  on  water-free  oil,  shall  be 

within  the  following  limits: 

Up  to  210°  C,  not  more  than  5%. 
Up  to  235°  C,  not  more  than  15%. 

(5)  The  specfic  gravity  of  the  fraction  between  235° 

C.  and  315°  C.  shall  be  not  less  than  1.03  at 
38°  compared  with  water  at  15.5°  C. 
The  specific  gravity  of  the  fraction  between  315° 
C.  and  355°  C.  shall  be  not  less  than  1.10  at  38° 
compared  with  water  15.5°  C. 

(6)  The  residue  above  355°  C,  if  it  exceeds  10%, 

shall  have  a  float-test  of  not  more  than  50 
seconds  at  70°  C. 

(7)  The   oil   shall   yield    not   more   than   2%    coke 

residue. 

(8)  The  foregoing  tests  shall  be  made  in  accordance 

with  the  standard  methods  of  the  American 
Wood-Preservers'  Association. 

Treatment. 

(4)  The  timber  may  be  either  air-seasoned  or  green.  Green 
timber  and  seasoned  timber  shall  not,  however,  be  treated  together 
in  the  same  charge.  The  blocks  shall  be  treated  in  an  air-tight 
cylinder  with  the  preservative  agreed  upon.  They  shall  be  treated 
by  the  boiling  process,  substantially,  as  follows : 
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The  charge  shall  be  boiled  in  creosote  at  not  to  exceed  190*"  F., 
under  vacuum  of  at  least  20  inches  for  2  hours  and  not  to  exceed 
6  hours  depending  upon  the  degree  of  dryness  of  the  timber. 
Pressure  shall  then  be  applied  not  exceeding  a  maximum  of  12? 
lbs.  until  the  preservative  has  been  absorbed  in  an  amount  about 
3  lbs.  per  cubic  foot  in  excess  of  the  specified  quantity. 

The  temperature  of  the  surrounding  creosote  shall  then  be 
raised  to  and  held  at  225*"  F.  for  1  hour.  The  creosote  is  then 
exhausted  from  the  retort,  the  steam  is  shut  off  from  the  coils  and 
a  quick  vacuum  of  20  inches  to  25  inches  applied  for  a  period  of 
30  minutes  to  1  hour. 

In  any  charge,  the  blocks  shall  contain  at  least  12  lbs.  of 
water-free  oil  per  cubic  foot  of  wood  at  the  completion  of  the 
treatment.  The  blocks  after  treatment  shall  show  the  preservative 
well  diffused  throughout  the  wood,  and  the  sapwood  shall  be 
entirely  and  well  treated.  To  determine  this  at  least  25  blocks 
shall  be  selected  from  various  parts  of  each  charge,  and  if  more 
than  one  of  the  blocks  show  untreated  sapwood,  the  charge  shall  be 
again  treated.  After  re-treating,  the  charge  shall  be  again  sub- 
jected to  a  similar  inspection. 

The  surface  of  the  blocks,  after  treatment,  shall  be  free  from 
heavy  pitch  or  tar-like  deposits,  and  all  blocks  that  have  been 
materially  warped,  checked  or  otherwise  injured  in  the  process 
shall  be  rejected. 

Handling  Blocks  After  Treatment 

(5)  The  blocks  shall  preferably  be  laid  in  the  street  as  soon 
as  possible  after  being  treated.  If  they  cannot  be  laid  immedi- 
ately, provision  shall  be  made  to  prevent  them  from  drying  out  by 
stacking  in  close  piles  and  covering  them,  and,  if  possible,  by 
sprinkling  them  thoroughly  at  intervals.  In  any  case,  where  they 
are  not  laid  as  soon  as  they  are  received  on  the  street  they  shall  be 
well  sprinkled  about  2  days  before  being  laid  under  the  direction 
of  the  purchaser.  It  is  important  to  have  the  wood  sufficiently 
wet  to  be  swelled  to  its  maximum  size  before  it  is  laid. 

Inspection. 

(6)  All  material  herein  specified  and  processes  used  in  the 
manufacture  of  the  blocks  therefrom  shall  be  subject  to  inspection, 
acceptance,  or  rejection  at  the  plant  of  the  manufacturer,  which 
shall  be  equipped  with  all  the  necessary  gauges,  appliances,  and 
facilities  to  enable  the  inspector  to  satisfy  himself  that  the  require- 
ments of  the  specification  are  fulfilled. 
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The  purchaser  shall  have  the  further  right  to  inspect  the 
blocks  after  delivery  upon  the  street  for  the  purpose  of  rejecting 
any  blocks  that  do  not  meet  these  specifications,  except  that  the 
plant  inspection  be  final  with  respect  to  the  kind  of  wood,  rings 
per  inch,  oil  and  treatment. 

H.  E.  HoRROCKS,  Ckcmrmaru 
Walter  Buehler. 
H.  M.  Newton. 


Mr.  H.  E.  Horrocks  (Chairman) :  Mr.  Chairman,  the  only 
essential  thing  in  the  modification  of  the  specification  for  the  treat- 
ment of  pine  blocks  is  that  we  provide  for  the  differences  in  the 
timber,  Douglas  fir  requiring  a  somewhat  different  handling  in 
treatment.  Consequently,  the  specification  we  have  prepared  is 
like  the  pine-block  specification,  except  in  those  particulars,  and 
there  are  just  a  few  details.  A  reprint,  or  a  copy  of  the  specifica- 
tion for  the  treatment  of  pine,  was  adopted.  In  fact,  we  copied  in 
toto  the  specification  for  preservatives,  and  I  believe  that  applies 
also  to  the  handling  of  blocks  after  treatment,  that  specification 
being  in  our  opinion  an  excellent  one.  This  is  published,  and  I  do 
not  believe  it  is  necessary,  unless  you  desire,  to  read  it  at  the 
present  time.  I  might  just  add  that  this  is  probably  of  no  interest 
to  many  members  of  this  Association,  only  a  few,  just  really  those 
of  us  on  the  Pacific  Coast  at  the  present  time.  That  is,  you  are 
not  vitally  concerned  in  it,  and  I  believe  that  it  is  in  proper  condi- 
tion for  adoption  by  this  Association. 

The  President:  Gentlemen,  you  have  heard  the  report  of  the 
Committee.  A  motion  will  be  in  order  to  accept  the  report  and 
refer  it  to  the  Executive  Committee  for  acceptance  by  letter-ballot 
in  the  usual  manner.    Is  such  a  motion  made? 

Mr.  C.  M.  Taylor:  Mr.  Chairman,  I  move  this  report  be  ac- 
cepted and  submitted  by  letter-ballot  to  the  Association  for  adop- 
tion as  proper  for  our  Manual. 

Mr.  0.  C.  Steinmayer:     I  second  the  motion. 

The  President:  It  has  been  regularly  moved  and  seconded  that 
this  report  of  the  Committee  be  accepted  and  referred  to  the  Asso- 
ciation by  letter  ballot  for  acceptance  as  standard  practice  and 
inclusion  in  our  Manual.  All  in  favor  respond  by  saying  "aye"; 
contrary,  same  sign;  it  is  so  ordered. 

The  next  paper  to  be  presented  will  be  that  by  Mr.  Hoxie, 
"Treated  Lumber  For  Insulating  Roofs  of  Moist  Factories."  Mr. 
Barth  will  please  read  this  paper. 
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treated  lumber  for  insulating  roofs  of  moist 

factories. 

By  F.  J.  Hoxie. 

A  new  use  for  treated  boards  and  planks  is  developing  for  the 
heat  insulation  of  roofs  of  cotton-weaving  mills  and  paper  mills. 
The  object  is  to  stop  the  rot  which  is  rapidly  progressing  in  them 
by  keeping  the  temperature  above  the  dew  point  of  the  air  in  the 
room  below.  Two  such  roofs  were  installed  2  years  ago,  in  New 
England,  and  are  giving  good  results,  not  only  in  stopping  rot,  but 
in  preventing  sweating  which  has  been  troublesome  in  cold  weather. 


FifiT.  1. — Treating  %  inch  by  10  inches  Boards  in  an  Open -Tank,  the  Boards 
BeinsT  Placed  on  Edge  to  Facilitate  Circulation  of  Liquid. 

At  present  a  Rhode  Island  weaving-mill  roof  is  being  covered 
with  seven-eighths  North  Carolina  pine  treated  boards.  This  will 
require  130,000  feet  of  lumber,  which  is  being  treated  in  an  open 
tank  in  the  mill  yard.  The  concrete  treating  tank  is  shown  in 
Fig.  1.  An  absorption  averaging  6  lbs.  per  cubic  foot  was  obtained, 
although  some  of  the  light  boards  are  taking  up  12  lbs. 

Fig.  2  shows  several  sections  of  the  treated  boards.  The 
section  at  the  top  is  exceptional.  This  is  of  dense  Southern  pine 
and  has  absorbed  but  little  oil,  and  shows  slight  penetration.  The 
temperature  of  the  oil  exerts  a  greater  influence  on  the  penetration 
than  the  time  of  contact,  very  little  penetration  being  obtained  In 
20  hours  below  the  boiling  point  of  water.  At  220°  F.  an  absorp- 
tion of  6  lbs.  per  cubic  foot  is  obtained  in  20  hours. 
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Water  in  the  wood  seems  to  have  little,  if  any,  bad  effect,  if 
the  temperature  of  the  oil  is  above  the  boiling  point  of  water,  and 
the  wood  is  kept  in  contact  with  the  oil  for  20  hours  or  more.  In 
order  to  get  some  data  at  this  point  a  piece  of  North  Carolina 
sapwood  was  soaked  in  warm  water  over  night,  with  the  result  that 
it  was  nearly  water-logged.  This  piece  was  then  placed  in  the  hot 
oil  with  a  batch  of  lumber  and  took  up  12  lbs.  per  cubic  foot  over 
night. 


Fiir.  2. — Sections  of  5  Boards,  %  inch  by  10  inches.  Treated  for  20  Hours  at 
220"  F.  in  an  Open  Tank.  Absorption  Varying  from  1  lb.  to  12  lbs.  per 
Cubic. Foot  with  an  Averagre  of  6  Pounds. 

When  the  treated  boards  were  put  on  the  roof  the  slag  of  the 
old  roof  was  scraped  off  one  bay  with  chisels.  This  involved  con- 
siderable expense,  and  somewhat  damaged  the  tarred  paper,  as 
shown,  in  Fig.  3.  Therefore,  on  the  remainder  of  the  roof  the 
slag  was  simply  swept  off  with  stiff  brooms,  as  shown  in  Fig.  4. 

The2x%  sleepers'were  then  nailed  on,  leaving  a  %-inch  air  space 
under  the  insulating  boards,  the  old  slag  roof  remaining  below  the 
insulating  covering  to  prevent  the  moisture  from  coming  up  into 
the  air  space  from  the  highly  humidified  air  in  the  room  below. 
The  present  2 %-inch  spruce-plank  roof  was  installed  14  years  ago, 
and  has  commenced  to  show  unmistakable  sig^ns  of  rotting  as  shown 
in  Fig.  5,  although  it  still  has  sufficient  strength  to  support  itself 
and  the  new  insulating  covering. 

The  location  of  the  rot  and  the  extent  to  which  it  has  pro- 
gressed is  indicated  by  black  marks  of  the  extractive  material  on 
the  white  paint  of  the  beams  and  planks  beneath,  as  shown  in 
Fig.  6.  The  following  plan  of  the  roof  on  which  the  dark  streaks 
are  plotted  as  short  black  lines  coming  out  from  the  lines  repre- 
senting the  beams  shows  clearly  the  influence  on  the  rotting  which 
the  heating  pipes  around  the  sides  of  the  building  and  the  venti- 
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lators  on  the  roofs  have  exerted,  as  shown  in  Fi^.  7.  The  extra 
heating  pipes  on  the  side  walls  kept  the  parts  of  the  roof  towards 
the  outer  walls  slightly  warmer  than  the  remainder,  and  therefore, 
reduced  the  moisture  below  the  limits  of  the  requirements  of  the 
fungus,  causing  the  destruction,  while  the  heat  escaping  through 
the  ventilators  increased  the  moisture  locally  and  accelerated  the 
destruction. 


Fiff.   8. — Appbrins  the   Insulatinsr  Covering  to  the  Roof.     On   This   Sawtooth 
the  Gravel  was   Removed;   Therefore,   the  liffht-Colored   Patches. 


F-jf.  4.— Slag  Being  Swept  Off  in  Preparation  for  the  Insulatinsr  Coverinar. 
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The  indication  of  rotting  given  by  these  black  lines  of  extrac- 
tive matter  can  prove  very  useful  in  giving  warning  of  a  dangerous 


Fiff.  5. — Base  of  a  Sawtooth   Inside  the  Mill,  Showing  Unmistakable  Sigrns  of 
Rot  in  Fungrus  Plants  and  Streaks  of  Extractive  Material  on  the  Beams. 

condition  in  the  roof  planks  while  there* is  still  time  to  apply  an 
insulating  covering,  and  save  the  roof  for  some  years  at  least. 

Replacing  the  rotted  planks  of  such  a  roof  is  by  no  means  an 
infallible  remedy,  if  the  insulation  or  heating  is  not  changed  to 
keep  the  temperature  below  the  dew  point. 
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Fig.  6  shows  part  of  2  bays  which  are  only  2  years  old,  and 
which  are  now  the  worst  rotted  planks  in  the  entire  roof,  due 
doubtless  to  the  lumber  which  was  used  containing  considerable 


■    Fisr.  6. — Shows  Surface  Indications  of  Rot. 

sapwood  and  having  been  kiln  dried.  Therefore,  when  subjected  to 
the  highly  humidified  air  of  the  weaving  mill  the  lumber  swelled 
and  made  a  tight  surface  and  kept  the  liquid  water  in,  which  had 
passed  into  the  wood  as  a  vapor  and  condensed  in  the  cooler 
interior. 
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The  fungus  plant  most  active  in  this  destruction  appears  to  be 
the  Lenzitea  Trabier,  some  imperfect  specimens  of  which  are  shown 
in  Fig.  8. 

A  vacuum  and  pressure  process  of  treatment  would  doubtless 
give  a  more  thoroughly  uniform  treatment  than  the   open-tank 


Fig,  7. — Plan  of  the  Roof  Showingr  Location  and  Extent  of  Rotting  as  Indi- 
cated by  Dark  Lines  of  Extractive  Material  on  the  Beams. 

process,  but  it  is  frequently  difficult  to  get  vacuum  and  pressure- 
treated  lumber  promptly,  particularly  in  small  quantities. 

This  form  of  insulation  will  considerably  increase  the  life  of  a 
new  roof,  or  a  new  roof  can  be  made  of  heavy  plank  thoroughly 
creosoted  and  sheathed  underneath  having  a  thin  air  space,  the 
sheathing  serving  as  a  painting  surface  and  to  prevent  dripping. 

The  President:     Gentlemen,   you  have  heard  the  paper.     Is 
there  any  discussion? 
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Mr.  C.  M.  Taylor:  Mr.  Hoxie,  as  you  know,  is  in  position  to 
develop  treated  lumber  in  a  lot  of  ways  in  construction,  and  this 
paper  by  him  is  an  instance  where  he  takes  advantage  of  this 
proposition.  It  is  only  by  such  examples  as  this  that  we  are  going 
to  be  able  to  push  creosoting  and  other  timber  treatment  into  all 
the  different  lines  of  timber  construction.  Mr.  Hoxie  is  very  en- 
thusiastic about  this  and  I  trust  we  will  have  other  examples  of 
diversified  uses  of  treated  lumber. 


Fijf.  8. — LenzitcB  Trabier  Plant  in  a  Crack  Between  2  Planks. 

Mr.  Kurt  C.  Barth  :  I  would  like  to  say  a  word  about  the  work 
Mr.  Hoxie  is  doing.  He  has  2  or  3  types  of  roof  construction  which 
he  highly  recommends  for  conditions  of  this  kind.  For  reinforced 
concrete  decks  he  recommends  that  the  form  lumber  be  creosoted, 
and  after  the  deck  has  been  poured  the  lumber  is  placed  on  top  as 
insulation.  Another  type  of  roof  that  he  recommends  is  an  un- 
treated ceiling,  because  of  the  necessity  of  painting  with  white 
the  ceilings  in  weave  sheds;  then  3  layers  of  felt  and  pitch  mopped 
solid ;  then  the  creosoted  sheathing  varying  from  %  inch  to  2  inches 
in  thickness,  depending  upon  the  insulation  required,  then  an  ordi- 
nary 5-ply  felt  pitch  and  gravel-roof.  Construction  of  that  type 
will  materially  reduce,  if  not  largely  eliminate,  the  amount  of 
condensation  which  accelerates  decay  in  the  wood-roof  decks  of 
paper-mills,  textile-mills,  round-houses,  etc.  Really,  you  see,  there 
are  numerous  opportunities  which  we  have  not  yet  touched,  but 
which  are  being  developed,  and  incidentally,  the  use  of  the  non- 
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pressure  treatments  are  educating  people  to  appreciate  what  wood 
preservation  means,  and  it  is  preparing  them  for  the  time  when 
they  may  be  able  to  obtain  material  treated  by  the  pressure 
processes. 

The  President:  We  will  have  presented  to  us  the  "History  of 
Wood  Pipe  and  Some  Data  on  its  Use,"  by  Mr.  E.  J.  Bartells. 

Mr.  E.  J.  Bartells:  Mr.  Chairman  and  Gentlemen,  I  have  a 
paper  prepared  on  the  subject  which  you  all  can  read  when  you 
have  time  and  want  to  do  it.  I  have  about  80  slides  that  I  will 
run  through,  and  make  a  few  remarks  on  each  slide,  and  it  will  be 
a  little  more  entertaining  than  the  prepared  paper  which  you  can 
refer  to. 

(Mr.  Bartells  then  showed  a  number  of  slides  with  comments.) 
lAppkivse,] 

HISTORY  OF  WOOD  PIPE  AND  SOME  DATA  ON  ITS  USE. 
By  E.  J.  Bartells. 

Ever  since  man  has  seen  the  necessity  for  conveying  water  by 
means  of  closed  conduits,  wood  pipe  has  been  in  use.  The  first 
wood  pipe  was  a  straight  log  with  a  hole  burned  through  the 
center,  the  log  sections  being  joined  into  a  continuous  line  by 
whittling  one  end  to  a  taper,  and  inserting  this  in  the  enlarged 
end  of  the  next  length.  This  method  was  improved  upon  as  time 
elapsed,  largely  through  trimming  the  logs  and  more  accurate 
boring,  but  the  main  features  remained  the  same  for  centuries. 

This  type  of  pipe  has  been  used  for  many  years  in  Ger- 
many, Russia,  England,  Sweden  and  other  countries. 

Constantinople  received  its  entire  water  supply  through 
bored  wood  pipe  for  more  than  2  centuries,  and  part  of  the  city 
is  still  supplied  in  the  same  way. 

Some  of  the  earliest  water  supplies  in  London  were  derived 
from  springs,  but  the  greater  part  was  raised  by  current  pumps 
placed  upon  the  bridges.  From  these  pumps  the  water  was  dis- 
tributed through  wood  pipe,  of  which  London  had  several  hun- 
dred miles,  the  sole  means  of  water  supply  for  over  200  years. 
Portions  of  these  lines  unearthed  during  modem  excavations 
have  been  found  sound  and  solid,  and  the  original  company, 
organized  in  1619,  still  supplied  a  part  of  London. 

About  1800  a  great  impetus  was  given  to  water  supply  in 
both  Paris  and  London.     It  was  at  this  period  that  much  wood 
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pipe  was  used,  1  company  alone  having  nearly  400  miles.     As 
many  as  10  lines  were  laid,  side  by  side,  to  form  a  single  main. 

It  was  not  until  1865  that  public  water  supplies  were  gen- 
erally introduced  and  it  has  been  only  within  the  last  45  years  that 
all  civilized  countries  have  undertaken  a  general  and  systema- 
tic water  supply. 

In  the  United  States,  as  early  as  1755,  wooden  pumps  with 
boilers  partly  made  of  wood,  and  wood  pipes  were  used. 

In  1800,  Philadelphia  installed  wood-pipe  supplies  by  curious 
pumps,  and  to  this  day  some  of  this  old  wood  pipe  when  dug  up 
is  found  to  be  in  a  remarkable  state  of  preservation. 

New  York  and  many  other  cities  obtained  their  first  supply 
of  water  through  wood  pipe,  and  while  the  original  lines  in  some 
cities  have  been  discarded  for  larger  and  higher  pressure  pipe, 
many  still  retain  their  original  wood  pipe. 

Portsmouth,  N.  H.,  used  bored  pine  logs  for  mains  from  1798 
to  1896,  when  larger  mains  were  required.  The  pipe  was  entirely 
sound  when  taken  out. 

Burlington's  (N.  J.)  first  water-works  were  built  in  1804. 
The  wood  pipe  was  purchased  from  the  city  of  Philadelphia, 
where  it  had  been  in  use  for  many  years 

Boston  used  1  system  of  wood  pipe  from  1652  to  1796,  then 
replaced  it  with  another,  which  lasted  until  1848.  In  this  city 
workmen  a  few  years  ago,  employed  by  a  contracting  fiorm 
excavating  to  lay  new  mains  on  Elliot  Street,  unearthed  2,000 
feet  of  wood  pipes  which  R.  A.  Scally,  the  engineer  in  charge, 
believed  to  be  125  years  old.  The  ancient  pipes  were  in  a 
remarkable  state  of  preservation,  considering  the  number  of 
years  they  had  been  in  the  ground.  It  was  evident  to  those  who 
examined  these  pipes  and  their  location  that  they  were  part  of 
a  system  that  extended  from  the  region  about  the  present  west 
wing  of  the  State  House  on  Beacon  Hill  to  a  downtown  point. 

**The  pipes  were  evidently  used  by  the  residents  of  this  sec- 
tion of  the  city  for  household  water  supply,"  said  Engineer 
Scally.  After  an  examination  he  said  that  the  wood  of  the  old 
pipes  was  chestnut,  and  thought  this  quite  remarkable,  since 
chestnut  is  not  one  of  the  woods  usually  remarkable  for  longe- 
vity when  exposed  to  adverse  conditions,  whereas  there  are  some 
woods  that  may  well  be  expected  to  last  indefinitely  when  placed 
underground.  The  wood  of  these  pipes  was  still  sound  and  ap- 
peared serviceable  for  another  century  or  so.     "The  pipes  had 
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what  is  known  as  a  bell  and  spigot  connection,  which  proved 
to  be  admirably  adapted  to  the  low-pressure  system  used  in  those 
ancient  days.  It  is  probable  that  only  10  lbs.,  14  lbs.,  or  possi- 
bly 15  lbs.  pressure  of  water  was  in  the  pipes  at  any  time, 
which  is  much  less  than  the  present  modern  high-pressure  ser- 
vice." 

Denver,  Colo.,  for  over  30  years  has  received  its  entire 
supply  from  mountain  streams  through  100  miles  of  wood-stave 
pipe.  The  first  of  these  lines  was  built  in  1886.  The  Denver  pipe 
marked  the  real  transition  of  wood  pipe  from  bored  logs  to  the 
modern  steel-banded  wood-stave  pipe. 

Some  of  the  cities  which  receive  all  or  part  of  their  water 
through  wood-stave  pipe  are:  Astoria,  Ogden,  Butte,  Salt  Lake 
City,  Reno,  Dallas,  San  Diego,  Lynchburg,  Va.;  Greensboro,  N. 
C;  Temple,  Tex.;  Logan,  Utah;  Tacoma,  St.  Johns,  New 
Brunswick,  Nome,  Alaska;  Port  Arthur,  Tex.;  Yuma,  Ariz.; 
Provo,  Utah;  Vancouver,  B.  C;  Everett,  Wash.;  Pueblo,  Colo.; 
North  Platte,  Neb.;  Olympia,  Wash.;  Lovelock,  Nov.;  Nelson, 
Neb.;  Honolulu,  T.  H.;  Hurley,  N.  Mex.;  Sisson,  Cal.;  Elko, 
Nev.;  Kalispell,  Mont.;  Pocatello,  Idaho;  Cumberland,  Md.; 
Waco,  Tex.;  Fort  Bragg,  Cal.;  Coos  Bay,  Oregon;  Clarkston, 
Wash.;  Greenville,  Tex.;  Swanton,  Vt.;  Placerville,  Cal.;  Mont^ 
pelier,  Idaho;  Twin  Falls,  Anaconda,  Mont.;  Wahiawa,  Hawaii. 

As  an  indication  of  the  attitude  of  the  authorities  on  hy- 
draulics toward  wood  pipe,  attention  is  directed  to  the  fol- 
lowing: 

Mr.  Hull,  of  Connecticut,  who  has  had  an  experience  of 
over  40  years  with  large  wood-stave  pipe,  states  in  his  letter  to 
"Engineering  News"  (June  20,  1891);,  that  he  estimates  the 
life  of  wood  pipe,  when  entirely  exposed  and  air  circulating 
around  it,  at  from  40  years  to  50  years,  and  that  he  considers 
its  life  indefinite  when  buried  underground. 

On  page  572  of  "Public  Water  Supplies,"  by  Tumeaure  and 
Russell,  appears  the  following: 

'The  necesBsity  of  water  earriage  in  the  west  has  developed  a 
very  diiTerent  form  of  wood-stavee  pipe.  As  early  as  1874,  Mr. 
J.  T.  Fanning:  built  such  a  pipe  which  is  still  in  use,  but  the 
chief  development  of  this  type  of  construction  has  taken  place 
in  the  west  since  1888,  at  which  time  stave  pipe  was  first  exten- 
sively used  at  Denver." 

Mr.  James  D.  Schuyler,  M.  Am.  Soc.  C.  E.,  a  distinguished 
hydraulic  engineer,  says  in  Vol.  XXXI,  Proceedings  of  the 
American  Society  of  Civil  Engineers. 
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"At  a  moderate  eitimate»  the  savins  effected  by  the  Citixen's 
Water  Company  by  the  use  of  wood  pipe  for  their  main  conduits 
has  been  no  less  than  $1,100,000.  The  interest  on  this  amount  at 
6%  would  renew  the  mains  every  b  or  6  years,  or  duplicate  them 
as  often  as  that.  With  such  a  showing  as  this,  the  correctness  of 
which  cannot  be  challenged,  there  can  be  no  doubt  of  the  sound- 
ness and  wisdom  of  the  judgment  which  governed  the  selection 
of  wood  pipe  as  the  material  for  the  main  conduits  of  this  com- 
pany. If  Uiis  be  admitted,  why  may  not  the  experience  be  re- 
peated anywhere,  with  equally  favorable  results?" 


Advantages  of  Wood  Pipe. 

Wood  pipe  is  recommended  for  a  wide  variety  of  purposes 
under  greatly  varying  conditions.  There  are,  however,  certain 
restrictions  placed  on  its  use  which  are  recognized  by  the  wood 
pipe  manufacturers.  These  manufacturers  are  making  a  strenuous 
effort  to  encourage  the  use  of  their  product  in  those  instances 
where  its  suitability  has  been  demonstrated,  and  just  as  strenuous 
an  effort  to  discourage  its  use  for  those  purposes  and  under  those 
conditions  where  its  unsuitability  has  been  proven.  The  reason 
why  wood  pipe  manufacturers  take  this  position  is  obvious — ^the 
greatest  development  of  any  industry  depends  primarily  on  the 
intelligent  use  of  the  product  manufactured.  With  this  idea  in 
mind  the  advantages  of  wood  pipe  may  be  pointed  out  with  ex- 
ceptional clarity. 

Cost — The  primary  purpose  of  a  pipe-line  is  to  deliver  water 
or  other  liquids  from  one  point  to  another,  this  operation  to  be 
continued  for  a  certain  lengrth  of  time,  or  more  likely  for  an  in- 
definitely long  period.  The  low  initial  cost  of  wood  pipe,  the  low 
maintenance  cost,  and  the  saving  effected  in  interest  charges  by 
reason  of  low  initial  investment,  make  it  the  most  economical  pipe 
that  can  be  installed  regardless  of  the  period  of  service  required. 

Efficiency — The  efficiency  of  any  pipe-line  is  relative;  that  is, 
it  may  serve  the  purpose  for  which  it  is  intended  better  or  worse 
than  a  line  constructed  of  other  materials.  Wood  pipe,  by  reason 
of  its  smooth  internal  surface  and  its  freedom  from  corrosion, 
tuberculation,  or  other  action  tending  to  reduce  this  original 
smoothness,  is  unquestionably  the  most  efficient  pipe  yet  produced. 

Capacity — Efficiency  and  capacity  are  so  closely  connected 
that  a  reference  to  the  one  naturally  suggests  the  other,  and  those 
qualities  responsible  for  increasing  efficiency  are  also  responsible 
for  a  greater  capacity. 

That  wood  pipe  has  a  greater  capacity,  size  for  size,  than 
pipe  of  other  materials,  which  are  at  times  considered  as  substi- 
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tutes,  has  been  definitely  established  by  the  U.  S.  Department  of 
Agriculture,  and  reported  in  Bulletin  No.  376  by  Fred  C.  Scobey. 

In  1916  Mr.  Scobey  made  a  series  of  64  tests  on  16  separate 
pipe-lines,  and  from  the  results  of  these  tests,  together  with  the 
reports  of  many  prominent  investigators  on  this  subject,  has  pub- 
lished a  formula  for  the  flow  of  water  in  wood  pipe  and  also  tables 
showing  the  capacity  of  different  sizes  of  pipe. 

As  a  result  of  Mr.  Scobey's  extensive  investigations,  his  con- 
clusion, as  published  on  page  73  of  Bulletin  No.  376  is  ''that  wood 


pipe  will  convey  about  15%  more  water  than  a  10-year  old  cast- 
iron  pipe  or  a  new  riveted  pipe,  and  about  26%  more  than  a  cast- 
iron  pipe  20  years  old  or  a  riveted  pipe  10  years  old." 

Adaptability — While  low  cost  and  high  efficiency  and  g^reater 
capacity:  are  often  determining  factors,  adaptability  many  times 
has  led  to  the  use  of  wood  pipe  regardless  of  other  factors.  A 
large  proportion  of  the  existing  pipe-lines  in  use  today  traverses 
remote  and  inaccessible  districts. 

The  transportation  of  materials  of  construction  to  the  line  of 
work,  and  the  assembling  of  same  into  a  complete  pipe-line  has 
proved  a  problem  most  easily  solved  by  wood  pipe.  The  smaller 
sizes  of  wood  pipe  are  easily  transported  after  assembling  the  sec- 
tions, being  light  in  weight  and  of  convenient  length.     The  larger 
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sizes  of  wood  pipe  are  transported  in  small  units,  namely,  staves, 
bands  and  shoes,  and  assembled  in  place  into  a  complete  pipe-line. 
The  lenfi^th  of  staves  and  number  of  bands  or  shoes  per  bundle  can 
be  accommodated  to  the  means  of  transportation  without  inter- 
fering in  any  way  with  the  work  of  assembling  or  without  re- 
ducing the  efficiency  of  the  completed  pipe. 

Pipe  as  large  as  14  feet  inside  diameter  is  constructed  of 
staves  measuring  approximately  4  inches  by  6  inches  in  cross- 
section,  and  of  any  desired  length  up  to  40  feet.  Consequently, 
the  construction  of  the  largest  pipe  required  offers  no  insur- 
mountable difficulties  to  the  wood  pipe  manufacturers'  experts 
and  their  experienced  crews. 

Under  adaptability  may  be  mentioned  also  the  fact  that  wood 
pipe  is  admirably  suited  for  the  construction  of  pipe-lines  traversing 
country  of  uneven  contour.  Bends,  sharp  curves,  or  even  spirals, 
if  required,  can  be  "built  into  the  line"  by  the  experienced  crew. 
It  is  not  possible  for  any  other  material  to  lend  itself  so  readily 
to  the  installation  of  pipe-lines  of  this  sort  without  excessive  con- 
struction and  assembling  costs. 

Types  of  Wood  Pipe. 

Wood  pipe  is  manufactured  in  3  different  types:  Wire- wound, 
continuous-stave,  and  bored.  Each  type  is  made  especially  to  serve 
a  specific  demand. 

Materials. 

Lumber — Wood  pipe  is  manufactured  from  especially  selected 
redwood,  Douglas  fir  or  creosoted  Douglas  fir.  Other  varieties  of 
lumber  have  been  used,  but  the  superiority  of  these  2  western 
species  has  been  well  established. 

Along  a  comparatively  narrow  strip  of  land,  bordering  on  the 
Pacific  Ocean,  are  found  the  enormous  forests  of  Douglas  fir  and 
redwood  where  individual  trees  are  found  by  the  thousands  of 
such  gigantic  size  that  they  are  economically  handled  only  by  rea- 
son of  the  development  of  special  methods  of  logging  and  lumber- 
ing. These  enormous  trees  yield  that  fine,  clear  grade  of  lumber 
so  necessary  for  pipe  staves,  free  from  many  defects  common  to 
smaller  varieties. 

Wire,  Bands,  Shoes — Owing  to  the  insistent  demand  of  the 
pipe  manufacturers,  a  special  double-galvanized  pipe-winding  wire 
has  been  developed  for  use  in  winding  wire-wound  pipe.     For  con- 
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tinuous-stave  pipe,  mild  steel  round  bands  with  upset  threads  are 
used;  these  bands  being  especially  made  for  this  purpose. 

Malleable-iron  shoes  made  off  the  patterns  of  the  pipe  manu- 
facturers, are  used  to  connect  the  2  ends  of  the  bands.  The  wire, 
as  well  as  the  bands,  are  required  to  stand  a  test  showing  an 
ultimate  strength  of  60,000  lbs.  per  square  inch  of  cross-section, 
and  an  elastic  limit  of  one  half  that  amount. 

The  shoes  are  required  to  bel  stronger  than  the  bands  with 
which  they  are  used.  This  strength  is  attained  both  by  the  use  of 
a  high  quality  of  malleable  iron  and  by  a  proper  design.  Thus 
it  will  be  seen  that  all  materials  entering  into  the  manufacture 
of  western  wood  pipe  are  especially  selected  and  designed  for  the 
purpose. 

Experience — Given  the  proper  raw  materials,  the  further 
requisites  for  the  manufacture  of  a  satisfactory  product  are  facili- 
ties, namely,  plant  and  equipment,  and  that  specialized  knowledge 
acquired  by  years  of  experience. 

During  the  past  30  years  or  more,  the  wood  pipe  manufac- 
turers of  the  Pacific  Coast  have  evolved  the  present-day  wood  pipe 
from  its  earlier  and  somewhat  crude  beginning.  Being  supplied 
with  unlimited  raw  materials,  ample  facilities  for  manufacture 
and  construction,  and  equipped  through  years  of  experience  with 
a  full  knowledge,  the  western  wood  pipe  manufacturers  are  in  a 
position  to  offer  the  public  an  additional  value  impossible  to  at- 
tain elsewhere — a  thing,  the  importance  of  which  Mr.  George  L. 
Watson,  Consulting  and  Supervising  Engineer,  stoutly  empha- 
sized in  a  paper  published  in  Vol.  IV,  No.  7,  Journal  of  the  Amer- 
ican Society  of  Engineering  Contractors.    He  said: 

"If  we  merely  look  at  photoffraphs  of  the  completed  work, 
the  buildins  of  a  wood  pipe-line  appeaxs  to  be  a  very  simple 
form  of  construction;  perhaps  to  some  engineers  and  construction 
men  it  is. 

'.'The  writer  is  very  chary  about  giving  advice  gratis,  for 
what  we  get  for  nothing  is  not  valued  at  much;  but  stiU  a  word 
of  advice  may  not  be  amiss.  The  contractor  who  is  fortunate,  or 
unfortunate  enough  to  be  awarded  a  oontnict  for  laying  a  wood 
pipe-Une  should  first — and  this  is  most  important — get  one  of 
the  stave  manufacturers  or  wood  pipe  construction  firms  estab- 
lished in  the  West  to  bid  a  price  for  doing  all  the  pipe  woric 
If  then  he  should  reject  the  lowest  bid  from  that  source,  for 
which  he  will  afterward  be  truly  sorry,  lei  the  contractor  make 
sure  of  a  man  who  can  organise  and  handle  this  work  and  who 
has  had  experience  in  laying  different  kinds  of  pipe  under  vary- 
ing conditions,  that  is,  pressure  lines,  laid  in  locations  that  are 
not  favorable  to  wood  pipe.  At  any  rate  the  experienced  pipe 
constructor  should  first  be  consulted,  and  by  doing  so  the  con- 
tractor who  may  be  tempted  to  bid  on  work  of  this  kind  will 
often  be  protected  against  heavy  loss." 
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Wire- Wound  Pipe. 

Wire-wound  pipe  is  made  into  convenient  leng^ths,  generally 
from  6  feet  to  20  feet.  Each  joint  is  complete  in  itself  and  is  pro- 
vided with  a  suitable  coupling.  The  internal  diameter  is  main- 
tained uniform,  preserving  the  fullest  efficiency  of  the  pipe.  The 
staves  are  of  selected  lumber,  and  milled  with  great  precision,  so 
that  when  assembled  and  wound,  the  pipe  is  a  piece  of  perfect 
workmanship.  The  wire  is  wound  around  the  pipe  under  heavy 
tension  by  a  properly  regulated  mechanical  device.     The  size  of 


the  wire  and  the  spacing  of  the  same  are  determined  by  the  size 
of  the  pipe  and  by  the  pressure  to  which  the  pipe  is  to  be  sub- 
jected. 

Sizes — Wire-wound  pipe  is  manufactured  in  standard  sizes  of 
2,  3,  4,  6,  6,  8,  10,  12,  14,  16,  18,  20,  22,  24,  26,  28,  30  and  32  inches, 
inside  diameter. 

Heads — Wire-wound  pipe  is  regularly  manufactured  to  serve 
under  heads  of  50,  100,  150,  200,  250,  300,  350,  and  400  feet.  These 
heads  in  feet  approximate  the  following  pressures  in  pounds  per 
square  inch:  22,  43,  65,  87, 108,  152,  and  173  pounds.  Pipe  designed 
for  higher  heads  can  be  furnished,  if  required. 

CouPUNGS — ^Inserted  joint  is  made  by  carefully  turning  a 
tenon  on  one  end  and  a  mortise  on  the  other  end  of  each  length  of 
pipe,  insuring  a  tight  fit  when  properly  driven  together.  It  serves 
its  purpose  perfectly  and  commends  itself  for  its  adaptability  and 
low  cost. 

Reinforced  inserted  joint  is  used  on  pipe  14  inches  in  diameter, 
and  larger,  for  heads  up  to  100  feet.     One  or  more  steel  bands, 
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with  nuts  and  washers,  is  fitted  around  the  joint,  and  is  finally 
tightened  after  the  pipe  is  laid  in  place  and  driven  up.  This 
type  of  joint  has  all  the  advantages  of  the  plain  inserted  joint 
in  the  smaller  pipe,  and  is  given  the  required  strength  and  tight- 
ness of  fit  by  the  reinforcing  bands. 

Wire-bound  collar  is  made  in  the  same  manner  as  pipe  but  is 
of  greater  diameter,  and  the  wire  banding  is  spaced  much  closer 
than  on  the  pipe  with  which  it  is  to  serve.     Tenons  are  formed 


on  the  pipe  ends,  to  correspond  with  the  inside  diameter  of  the 
coupling.  The  pipe  is  driven  into  the  collar  and  the  swelling  of 
the  wood,  and  after  water  is  turned  into  the  pipe-lines  makes  a 
very  tight  coupling. 

Continuoiu-Stave  Pipe. 

Continuous-wood-stave  pipe  is  used  in  diameters  from  16 
inches  up  (the  largest  pipe  yet  constructed  being  168  inches — 14 
feet — inside  diameter.) 

The  staves  are  so  milled  that  when  assembled  they  form  the 
size  of  the  pipe  desired.  In  building  up  the  pipe,  staves  are  laid 
side  by  side  so  that  the  end  joints  are  broken.     Each  stave  is 
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butted  against  the  one  immediately  preceding  it,  while  saw  kerfs 
or  slits  at  the  ends  receive  a  thin  metal  tongue,  thus  making  the 
itave  continuous  without  any  joint  in  the  pipe.  The  smooth 
internal  walls  and  the  absence  of  joints  in  continuous-stave  wood 
pipe  combine  to  make  the  carrying  capacity  of  this  pipe  consider- 
ably greater  than  that  of  any  other  type.  The  staves  are  held 
firmly  in  place  by  steel  rods  or  bands  tightly  cinched  until  every 
stave  is  firmly  seated.  The  pressure  under  which  the  pipe  is  to 
serve,  and  the  size  of  the  pipe,  determine  the  diameter  of  the  bands 
and  spacing  of  same. 

Cast  Iron  Fittings. — Machine-banded  pipe  can  be  fitted  to 
any  cast-iron  fittings  having  "bell"  or  "hub"  ends,  but  the  fittings 
furnished  by  the  wood  pipe  manufacturers  from  their  standard 
patterns  are  to  be  recommended,  being  smooth  finished  in  the 
"bell"  or  "hub,"  thereby  saving  labor  in  fitting  the  pipe.  Fittings 
can  be  machine-threaded  to  connect  with  screwed  pipe. 

General  Uses  of  Modern  Wood  Pipe. 

It  is  not  claimed  that  wood  pipe  is  suitable  for  all  hydraulic 
requirements.  It  has  its  limitations  to  be  sure;  but  its  range  of 
usefulness  is  extremely  wide.  If  the  pipe  is  well  made  of  selected 
materials,  and  is  carefully  laid,  correctly  proportioned  and  prop- 
erly cared  for,  its  limits  of  adaptability  and  use  are  sufficiently 
great  for  practically  any  field  of  requirement. 

Wood  pipe  is  now  extensively  used  for  the  great  serpentine 
line  supplying  water  power  for  electric  generating  plants;  for 
supply  systems  carrying  the  water  from  remote  sources  to  the 
centers  of  consumption;  for  the  distribution  of  such  supplies  in 
mains,  laterals,  and  feeders;  for  extensive  irrigation  supply  and 
distribution  systems;  for  inverted  siphons  across  deep  gulches  and 
canons  which  intercept  the  grades  of  open  flumes  or  artificial  chan- 
nels ;  and  for  many  other  purposes. 

The  Sierra  Nevada  foothills,  which  in  places  were  made  up  of 
immense  deposits  of  gold  gravel,  were  the  scenes  of  bold  pioneer 
hydraulic  development,  the  technology  of  piping  water  being 
enriched  and  greatly  extended  by  the  classic  examples  of  engineer- 
ing evolved  there  by  the  late  Hamilton  Smith.  Those  same  moun- 
tain ranges,  and  their  northerly  extensions,  the  Cascades,  continue 
to  be  the  field  of  active  development  tending  almost  exclusively 
toward  the  use  of  wood  pipe. 

Irrigation. — The  use  of  wood  pipe  has  made  possible  the 
economical  irrigation  of  large  tracts  of  fertile  land  in  the  arid 
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regrions  in  all  parts  of  the  world.     Particularly  is  this  demonstrated 
in  the  United  States. 

The  enormous  projects  carried  on  by  the  United  States  Recla- 
mation Service  have  shown  the  world  the  possibilities  of  irrigation 
when  applied  to  otherwise  worthless  areas.  Converting  the  deserts 
into  veritable  gardens  has  been  made  possible  largely  through  the 
development  of  means  for  the  economical  distribution  of  available 
water  supplies. 

Open  ditches  or  canals  have  in  the  past  played  conspicuous 
parts  in  the  distribution  systems.  The  necessity  for  maintaining 
a  grade-line,  and  the  resultant  difficulties  encountered  in  the  use 
of  ditches  and  canals,  has  led  to  the  adoption  of  closed  conduits, 
the  latter  permitting  greater  latitude  in  the  choice  of  location, 
eliminating  th<  necessity  for  maintenance  of  grade  and  also  the 
conservation  oi  tillable  areas  by  placing  such  •conduits  beneath  the 
surface,  or  in  such  locations  as  to  avoid  the  use  of  good  land  for 
right-of-way.  The  cost  of  maintaining  open  ditches  or  canals  is 
always  high,  and  together  with  the  loss  of  water  through  seepage 
and  evaporation  offers  serious  objections  to  this  type  of  supply 
and  distribution  system. 

Wood-stave  pipe-lines  are  in  service  on  almost  all  irrigation 
projects  today,  either  large  or  small,  and  in  a  variety  of  sizes, 
depending  on  the  requirements,  ranging  from  the  small  wire- 
wound  pipe  having  a  diameter  of  a  few  inches,  up  to  the  gigantic 
continuous-stave  pipe-lines  measuring  several  feet  in  diameter. 

Wood  pipe  has  reduced  irrigation  water  supply  and  distribu- 
tion to  a  science,  a  fact  easily  substantiated  by  the  experience  of 
the  United  States  Reclamation  Service.  In  Bulletin  No  376  of 
the  U.  S.  Department  of  Agriculture,  we  find  the  following  state- 
ment: 

"The  present  economic  importance  of  staTe  pipe  in  this 
country,  which  arises  from  its  adaption  to  so  many  diverse  uses, 
its  wide  ranse  of  capacities,  the  ease  with  which  it  can  be  laid 
on  rouirh  ground,  and  its  cheapness  when  compared  with  other 
pressure  pipes,  has  led  this  department  to  investigate  and  report 
upon  its  merits." 

Hydro-Electric  Power  .  Development. — The  development  of 
hydro-electric  power  has  been  very  marked  during  the  last  decade 
and  the  possibilities  for  further  development  are  almost  unlimited. 
In  1919  in  the  United  States  only  approximately  9%  of  the  total 
power  used  was  produced  by  water.  Of  this  amount  more  than  25% 
was  developed  during  the  6  years,  1912  to  1917. 
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Hie  important  part  played  by  wood-stave  pipe  in  this  rapid 
progress  is  recognized  by  all.  The  pipe  manufacturers  of  the 
Pacific  Coast  have  intalled  pipe-lines  all  over  the  United  States, 
the  greatest  power  consuming  districts  of  the  New  England  States 
and  the  States  bordering  on  the  Great  Lakes  getting  by  far  the 
greater  part  of  the  installations.  These  remarkable  installations 
of  continuous-stave  pipe,  whose  lengths  are  measured  in  miles, 
and  whose  inside  diameter  runs  as  high  as  12  feet,  mark  the  be- 
ginning of  a  new  era  in  power  development. 

In  the  West,  the  hydro-electric  installations,  while  not  so 
numerous,  are  in  some  instances  even  larger  than  those  in  use 
in  the  East  and  the  Great  Lakes  districts.  The  electric  trains  of 
the  Chicago,  Milwaukee  &  St.  Paul  Railway  are  operated  in 
Montana  with  power  developed  by  a  plant  using  a  wood-stave 
pipe  14  feet  in  diameter. 

Mention  of  these  large  size  pipe-lines  bring  to  mind  the 
possibilities  for  power  development  on  a  large  scale.  Many  power 
plants  are  in  operation  today  where  smaller  pipe  is  used  even  as 
small  as  4  inches  in  diameter. 

Hydrauuc  Operations  and  Sluicing. — Wood  pipe  is  used 
extensively  for  hydraulic  and  sluicing  operations;  in  connection 
with  regrading  operations;  in  connection  with  mining,  washing 
gravel  for  gold  or  other  precious  metals,  or  handling  the  tailings. 
The  scouring  effect  of  sand  and  gravel  when  transported  through 
wood  pipe  is  less  than  in  pipe  of  any  other  material. 

Sewage  Disposal  and  Drainage. — ^Wood  pipe  is  used  quite 
extensively  for  outfall  sewers  and  drainage  purposes.  It  can  be 
laid  over  soft,  marshy  ground  without  expensive  foundations.  An 
installation  was  recently  made  in  San  Francisco,  where  the  pipe, 
because  of  its  light  weight,  was  suspended  from  the  substructure 
of  one  of  the  city's  piers,  the  outer  end  of  the  pipe-line  being  sub- 
merged below  mean  low  tide.  The  city  of  Seattle  has  just  com- 
pleted the  construction  of  an  outfall  sewer  60  inches  in  diameter 
across  a  peat  bog  where  the  surface  crust  was  so  thin  in  spots 
that  it  would  not  support  a  man's  weight. 

The;  manufacturers  of  wood  pipe,  using  Douglas  fir  lumber 
for  staves,  while  wisely  recommending  their  product  for  those 
purposes  for  which  its  wide  range  of  adaptability  and  suitability 
has  been  proved,  have  ever  been  alert  to  extend  that  range  and  to 
remove  limitations  placed  on  its  use  as  far  as  possible. 

For  a  great  many  years  lumber  treated  with  coal-tar  creosote 
has  been  used  for  various  purposes,  many  of  which  called  for 
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service  under  the  most  adverse  conditions.  This  experience  led 
these  wood  pipe  manufacturers  and  the  creosoting  companies, 
located  in  the  Northwest  to  develop  a  special  process  of  creosote 
treatment  adapted  to  pipe  staves.  The  development  of  this  special 
process,  and  the  successful  manufacture  of  creosoted  -staves  has 
extended  the  field  of  Douglas  fir  wood  pipe  to  a  very  marked 
degree. 

After  making  a  careful  study  of  the  requirements  and  a  com- 
prehensive set  of  tests,  a  special  process  of  treatment  for  fir  pipe 
staves  has  been  developed.  By  this  process  the  staves  are  made 
immune  from  attack,  under  all  conditions,  by  decay-destrojring 
fungi.  The  process  has  been  so  perfected  that  the  treated  staves 
retain  all  the  strength  of  the  natural  wood,  the  tendency  to  swell 
and  shrink  has  been  reduced,  and  still  the  stave,  although  milled  to 
exact  dimensions  before  treatment,  is  unaffected  in  shape  or  size. 

Creosoted  Wood-pipe  in  Use  28  Years — The  Southern  Pa- 
fic*  Railway  Company  has  found  that  creosoted-wood  pipe  culverts 
put  in  place  in  1892  are  still  free  from  decay,  and  the  wood  is  in 
perfect  condition.  The  conditions  under  which  pipe  must  serve 
when  used  as  culverts  are  the  most  severe  possible. 

The  President:  We  will  call  on  Mr.  Horrocks  for  his  paper  on 
the  "Creosote  Treatment  for  Douglas  Fir  Pipe  Staves." 

Mr.  H.  E.  Horrocks:  Mr.  President  and  Gentlemen,  you  have 
seen  the  slides  illustrating  and  describing  the  use  of  wood-stave 
pipe  and  some  of  the  illustrations  and  quite  a  good  deal  of  talk 
was  devoted  to  the  creosoted  product. 

I  represent,  when  I  am  away  from  here,  a  company  that  has 
probably  done  most  of  the  creosoting  of  wood-stave  pipe  on  the 
Pacific  Coast.  Consequently,  I  am  more  or  less  familiar  with  it. 
The  paper  that  I  have  prepared  will  be  published  and  available  in 
the  Proceedings  probably.  It  is  short.  I  will  read  it,  and  if  there 
are  any  questions  I  shall  be  glad  to  answer  them  if  I  can  do  so. 

CREOSOTE  TREATMENT  FOR  DOUGLAS  FIR  PIPE  STAVES. 

By  H.  E.  Horrocks. 

The  story  of  the  wood-stave  pipe,  griving  the  history  of 
its  development  from  the  first  crude  form  of  a  log  with  a  hole 
burned  lengthwise  through  it  to  the  present  skillfully  designed 
types  of  machine-banded  and  continuous  stave  conduits,  rang- 
ing from  2  inches  to  many  feet  in  diameter  and  built  up  of 
many   individual   staves,   each   accurately   machined   to   take   its 
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place  in  the  assembled  whole,  has  been  told  in  another  paper 
presented  to  this  convention. 

Decades  of  service  have  demonstrated  the  value  of  wood- 
stave  pipe  as  a  conduit;  its  great  carrying  capacity,  ease  of 
oonstruction,  adaptability  to  natural  contour  pf  country  tra- 
versed, and  of  extremes  of  temperature,  etc. 

The  one  great  drawback  to  its  use,  under  certain  conditions, 
has  been  that,  made  of  wood,  it  was  subject  to  decay  long  before 
its  limit  of  usefulness  had  been  reached  mechanically. 

The  natural  solution  of  this  difficulty  is,  of  course,  preserva- 
tive treatment.  For  a  long  time  it  was  believed  that  from  such 
treatment  would  naturally  follow  pollution  of  water  passing 
through  the  pipe.  Records  were  available  of  creosoted  wood-pipe 
culvert  construction  to  prove  creosoted  staves  entirely  satisfac- 
tory for  pipe  construction  Some  careful  tests  were  made  at 
the  University  of  Washington,  which  conclusively  proved  no 
contamination,  either  by  odor  or  taste,  occurred  to  water  flow- 
ing through  wood  pipe  built  of  carefully  creosoted  staves.  I 
may  add  that  at  the  plant  of  the  Pacific  Creosoting  Company 
water  for  domestic  purposes  is  stored  in  a  creosoted  Douglas 
fir-stave  tank,  and  also  that  all  the  boiler  water  passes  through 
such  a  tank. 

Finally,  the  Pacific  Creosoting  Company  succeeded  in  con- 
vincing a  large  irrigating  district  near  Wanatchee,  Wash.,  of 
the  value  of  creosoted-stave  pipe;  sold  and  supplied  them  with 
material  for  the  construction  of  a  continuous  stave  pipe-line 
60  inches  in  diameter  and  about  8,000  feet  long.  This  job  went 
together  perfectly,  and  from  the  first  day  of  use  no  objection 
whatever  was  found  with  the  water  for  either  domestic  or  irri- 
gation purposes. 

That  was  the  beginning  of  a  very  wide  use  of  creosoted- 
wood  stave  pipe  for  conditions  of  head  insufficient  to  insure 
fiber  saturation  of  the  wood  at  all  times. 

In  the  irrigation  districts  of  the  West  particularly,  this 
product  has  been  of  great  value.  In  most  of  these  areas  the 
ditches,  flumes  and  distributing  systems  do  not  carry  water  dur- 
ing the  winter  or  non-crop  season  of  the  year.  Naturally  such 
intermittent  service  would  furnish  ideal  conditions  for  rapid 
decay  of  any  wood  used  in  the  construction.  The  early  construc- 
tion was  entirely  with  untreated  wood,  since  money  for  any  but 
the  cheapest  work  was  not  available  in  getting  the  land  opened 
up  and  in  crop.    It  followed  that  in  a  very  few  years  this  early 
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work  failed  from  natural  decay  and  called  for  very  heavy  re- 
pairs or  permanent  renewal.  The  wood  pipe  had  justified  it^ 
self  in  every  other  way,  and  since  means  were  found  for  protection 
against  decay  it  is  now  being  used  in  ever-increasing  quantities. 
The  proper  treatment  of  wood  for  stave  pipe  is  a  matter 
of  considerable  importance,  the  principal  ends  to  be  aimed  at 
being: 

Adequately  protecting  the  wood  from  decay. 

Freedom  of  the  stave  from  shrinking  or  dis- 
tortion from  its  section  and  contour  when 
machined. 

Minimum  of  contamination  of  water  flowing 
through  the  pipe. 

Wood  must  retain  its  orig^inal  strength  and  elas- 
ticity. 

No  deposit  left  on  the  stave  after  treatment. 

It  was  found  that,  both  for  machine-banded  and  continuous- 
stave  pipe,  the  staves  must  be  treated  before  assembling.  At^ 
tempts  were  made  to  treat  small  sizes  of  completed  machine- 
banded  pipe,  but  thei  heat  and  handling  invariably  loosened  the 
wires,  making  the  pipe  useless. 

The  stave  stock  must  be  very  thoroughly  air  or  kiln  dried  in 
the  rough,  then  machined  to  its  finished  shape  before  treatment. 
Being  well  dried,  it  is  ready  to  receive  creosote  without  pre- 
seasoning  in  the  retorts.  This  insures  against  loss  of  strength 
or  elasticity,  against  shrinkage,  and  with  careful  stowing  on 
retort  trams,  against  distortion. 

For  adequate  protection  against  decay  it  is  not  necessary  that 
the  creosote  penetration  be  very  deep,  since  no  further  Ma- 
chining, framing  or  cuts  for  fastenings  that  might  open  up  un- 
treated wood,  are  necessary. 

A  through  and  through  penetration  would  be  highly  unde- 
sirable. The  untreated,  but  thoroughly  dry  wood  in  interior  of 
the  stave  very  readily  absorbs  moisture,  rapidly  expands,  and, 
in  this  way  insures  a  tight  conduit.  We  consider  %  inch  pene- 
tration from  all  surfaces  a  very  satisfactory  treatment. 

Accumulation  of  pitch  or  sediment  on  surfaces  or  edges  of 
the  staves  would  contribute  to  contamination  of  the  water.  Such 
accumulations,  particularly  on  the  edges,  would  also  seriously 
interfere  with  close  and  accurate  laying  up  of  the  pipe,  increase 
the  diameter  of  the  pipe,  and  cause  unequal  bearing  between 
staves,  making  water  tightness  very  difficult  to  accomplish. 
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If  much  free  oil  appears  on  surface  of  staves,  even  though 
entirely  liquid,  water  flowing  through  the  pipe  will  very  likely  be 
contaminated  for  some  time.  To  overcome  these  objections  we 
use  a  straight  distillate  creosote  for  stave  treatment. 

Our  method  of  treatment  is  by  the  Empty-Cell  process,  using 
about  50  pounds  initial  air  pressure,  following  the  creosote  pres- 
sure period  with  several  minutes  re-heating  at  about  25**  F.  iii 
excess  of  any  previous  temperatures,  then  a  vacuum  of  not  less 
than  20  inches,  maintained  from  30  minutes  to  1  hour.  By  this 
process  we  obtain  very  satisfactory  creosote  penetration,  and  the 
staves  come  out  thoroughly  clean  and  so  dry  as  to  scarcely  soil 
one's  hand  when  rubbed  over  them. 

The  President:  Gentlemen,  would  you  like  to  ask  Mr.  Hor- 
rocks  some  questions? 

How  much  does  it  add  to  the  cost  of  the  process? 

Mr.  H.  E.  Horrocks:  Well,  the  cost  advance  of  the  treatment 
during  the  past  year  was  very  little,  and  probably  not  over  50% 
through  the  extreme  advance  during  the  war.  Now,  the  per- 
centage, however,  of  addition  to  the  cost  of  the  untreated  finished 
stave  has  probably  been  very  much  greater  than  that.  This  per- 
centage and  variation  of  cost  have  been  governed  by  two  elements, 
the  increased  cost  of  creosoting,  and  the  increased  cost  of  lumber. 
Lumber  has  increased  much  more  rapidly  in  cost  than  creosoting. 
Consequently,  as  a  matter  of  fact,  the  more  lumber  costs  increase, 
the  greater  the  economy  in  treating  the  material. 

The  PREsroBNT:  Is  there  any  further  discussion?  If  not,  we 
will  ask  Mr.  Taylor  to  present  Mr.  Rawson's  paper  en  Fir  Ties 
with  particular  reference  to  perforation. 

REPORT  OF  COMMITTEE  NO.  5-1-1— FIR  TIES. 

To  the  Members  of  the  Arruerican  Wood-Preservers''  Association', 

On  March  27,  1920,  your  sub-committee  received  instructions 
to  "Report  recent  developments  in  the  treatment  of  fir  ties."  The 
last  of  July  a  meeting  was  called  to  discuss  the  work,  and  it  was 
brought  out  at  this  time,  that  none  of  the  commercial  plants  had 
made  any  great  changes  in  their  treatment  of  fir  ties. 

With  the  installation  of  a  perforating  machine  at  the  St. 
Helens  Creosoting  Company's  plant  at  St.  Helens,  Oregon,  it  was 
felt  that  some  new  developments  were  about  to  take  place.  The 
question  of  carrying  on  some  tests  with  perforated  ties  was  dis- 
cussed, and  later  it  was  arranged  to  do  some  cooperative  work 
with   the   Forest   Service,   West   Coast   Lumbermen's   Association 
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and  the  St.  Helens  Creosoting  Company.  The  object  was  to 
study  the  effect  of  perforating  on  the  seasoning,  penetration  of 
creosote,  and  the  physical  properties  of  fir  ties  and  timbers.  The 
Santa  Fe  Railway  was  about  to  carry  on  a  series  of  tests,  and 
it  was  hoped  that  some  of  the  data  could  be  included  in  this  re- 
port. 


I 


Perforating  Machine,  St.  Helens,  Oregon. 

In  this  program  for  cooperative  work  it  was  arranged  to 
have  the  St.  Helens  Creosoting  Company  prepare  the  timbers  and 
treat  them,  and  the  West  Coast  Lumbermen's  Association  was  to 
take  the  timbers  so  prepared  and  have  them  tested  at  the 
Seattle  Timber  Testing  Laboratory  of  the  Forest  Service  at  the 
University  of  Washington,  Seattle,  Wash.  After  the  tests  had 
been  made  the  results  were  to  be  sent  to  the  Forests  Products 
Laboratory,  Madison,  Wis.,  for  further  analysis  and  preparation 
of  the  report. 

The  working  plan  for  these  tests  was  received  the  last  of 
October,  and  on  November  1,  Mr.  C.  W.  Zimmerman,  representing 
the  Forest  Service,  and  Mr.  R.  H.  Rawson  of  Committee  5-1-1, 
selected  test  pieces  along  the  lines  set  forth  in  the  working  plan 
at  the  St.  Helens  Lumber  Company's  mill  at  St.  Helens,  Oregon. 
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The  method  of  selecting  these  timbers  will  be  fully  covered  when 
the  complete  report  is  made,  or  it  may  be  appended  to  this  report 
for  your  information.  Briefly,  10  sets  of  timbers,  B^  ins.  x  9  ins. 
X  10  ft.,  with  6  timbers  to  set,  making  60  timbers  in  all,  were 
selected.  Three  out  of  each  set,  or  30  timbers,  were  grouped  for 
testing  immediately  and  the  other  half  were  to  tet  set  aside  for 
air-seasoning  and  subsequent  testing.  All  of  the  pieces  were  re- 
sawn,  however,  in  order  to  secure  the  control  piece  from  each 
piece,  8^  ins.  x  9  ins.  x  10  ft.,  sized  to  4  ins.  x  8  ins.  x  10  ft.,  and 


Perforationit  Made  With  Greenlee  Machine. 

the  pieces  to  be  perforated  were  set  aside  to  be  run  through  the 
machine.  One  of  the  4  ins.  x  8  ins.  x  10  ft.  from  each  of  the  3  8% 
ins.  X  9  ins.  x  10  ft.,  in  the  group  for  immediate  testing,  was  set 
aside  as  a  green  control  piece  to  be  tested  without  perforating  or 
treating.  One  of  the  remaining  4  ins.  x  8  ins.  x  10  ft.  sticks, 
matching  the  control  stick,  was  to  be  perforated  and  tested,  one 
perforated,  treated  and  tested,  and  the  third  treated  and  tested. 
All  of  the  test  sticks,  whether  they  were  to  be  immediately 
treated  or  air-seasoned  and  treated  later,  were  perforated  at  the 
same  time.  It  was  necessary  to  run  the  sticks  through  in  pairs, 
as  it  was  found  that  the  machine  would  not  perforate  material  as 
small  as  4  ins.  x  8  inches. 


Digitized  by  LjOOQ IC 


American  Wood-Preservers'  Association      387 

The  sticks  due  for  treating  at  this  time  were  taken  to  the 
experimental  plant  of  the  St.  Helens  Creosoting  Company  and 
carefully  weighed  before  placing  in  the  retort. 

All  the  pieces  that  were  not  placed  in  an  open  pile  for  air- 
seasoning  and  subsequent  treating  and  testing,  together  with  the 
pieces  that  had  been  treated,  were  shipped  to  the  Seattle  Tim- 
ber Testing  Laboratory  of  the  Forest  Service  at  the  University  of 
Washington,  Seattle,  Wash.,  where  the  tests,  as  outlined  in  the 
working  plan,  were  made.  As  mentioned  before,  the  data  from 
these  tests  will  be  sent  to  the  Torest  Products  Laboratory,  Mad- 
ison, Wis.,  where  they  will  be  further  analyzed,  and  the  report 
prepared.  When  this  report  is  complete,  it  should  include  the 
working  plan  which  covers  the  selection  of  material  and  tests  car- 
ried out,  and  the  treating  records  of  the  St.  Helens  Creosoting 
Company's  plant. 

In  treating  the  test  sticks  practically  the  same  temperatures, 
pressure  and  absorption  were  used,  as  had  been  carried  in  the 
treatment  of  ties  commercially. 

It  is  obvious  that  a  complete  report  cannot  be  made  until  the 
second  group  of  test  sticks  has  passed  through  the  seasoning 
period   and   have  been   tested. 

Since  starting  the  work  as  outlined  above,  your  Committee 
has  received  a  working  plan  from  the  Forest  Products  Labora- 
tory, covering  tests  to  show  the  influence  of  perforations  on 
checking  of  Douglas  fir.  This  work  and  the  report  not  completed 
on  the  strength  of  perforated  fir  ties  can  be  taken  up  by  next 
year's  Committee. 

R.  H.  Rawson,  Chairman, 

Mr.  C.  M.  Taylor:  All  of  this  report  Committee  No.  5-1 — 1, 
Fir  Ties,  is  submitted  as  a  personal  contribution  by  Mr.  Rawson, 
Chairman  of  that  Committee.  It  is  not  possible  at  this  time  to  go 
into  all  the  details  in  connection  with  these  tests.  The  Greenlee 
machine  did  not  arrive  as  soon  as  they  expected  at  St.  Helens,  and 
consequently,  this  work  is  not  as  yet  complete.  As  you  will  see 
from  the  report  there  are  cooperative  tests  now  being  conducted  in 
which  the  American  Wood-Preservers'  Association,  United  States 
Forest  Service  and  the  West  Coast  Lumbermen's  Association  are 
cooperating  on  the  question  of  the  effect  on  strength  of  fir  ties  and 
lumber  when  they  are  processed  by  this  machine.  The  report  made 
last  year  by  Mr.  Blake  covers  thoroughly  the  history  in  connec- 


Note:  ThU  report  was  made  by  the  chairman  of  the  sub-committee,  and  it 
oould  not  be  approved  by  the  members  of  the  committee  in  time  to  insure  iU 
printing. 
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tion  with  this  machine,  and  Mr.  Edwards  of  the  Greenlee  Company 
will  this  afternoon  present  with  lantern  slides  a  report  on  the 
history  and  development  of  layouts  for  doing  this  work. 

The  main  pomt  in  connection  with  this  process  is  to  get  a  better 
penetration  of  the  oil  into  all  surfaces  of  the  fir  timber.  You  will 
remember  that  at  St.  Helens  they  showed  you  samples  that  had  been 
processed,  and  you  were  able  to  see  clearly  that  timber  that  had 
been  through  this  machine  showed  a  much  more  even  penetration 
of  the  creosote  oil.  The  fir  ties  without  being  processed  absorb 
too  much  oil  in  the  ends  and  not  enough  on  their  wearing  surfaces. 
It  was  with  this  idea  of  a  more  even  penetration  that  this  proceed- 
ing was  developed.  A  photograph  in  this  report  shows  the  incisions 
made  by  this  machine,  and  it  has  developed  a  new  method  whereby 
Douglas  fir  can  be  satisfactorily  and  thoroughly  treated. 

The  only  question  that  arises  in  the  minds  of  engineers  is  the 
effect  on  the  strength  of  ties  and  timber,  and  as  explained  in  this 
report  this  work  is  now  being  conducted  in  conjunction  with  the 
Forest  Service,  and  we  hope  that  early  this  year  there  will  be  a 
special  bulletin  issued  giving  results  of  these  tests.  We  have  made 
arrangements  to  have  a  special  bulletin  issued  by  the  American 
Railway  Eng^ineering  Association,  giving  the  results. 

The  point  is  that  unless  we  do  develop  a  satisfactory  method  for 
getting  a  more  even  penetration  on  fir,  we  will  not  be  able  to  make 
fir  ties  last  as  long  as  they  should.  The  Pacific  Coast  interests  are 
particularly  interested  in  this  development,  and  it  is  thought  that 
eventually  all  fir  ties,  regardless  of  whether  they  are  saps  or  all 
heart,  will  be  put  through  some  such  process. 

It  has  an  additional  advantage  from  the  fact  that  where  ties  are 
seasoned  at  very  dry  points,  such  as  Paradise,  Montana,  where  we 
stopped  en  route,  it  was  shown  a  good  many  of  these  fir  ties  sea- 
soned checked  badly.  It  is  probable  that  the  developments  in  con- 
nection with  this  machine  will  indicate  that  the  incisions  made  will 
cause  the  t.es  and  timber  to  season  more  evenly  and  prevent  to  a 
great  extent  the  large  checks  that  ensue  when  the  ties  are  rapidly 
dried  in  such  arid  climates. 

Another  point  that  this  process  will  develop  is  the  fact  that  it 
will  probably  prevent  case-hardening,  which,  as  you  all  know,  in 
the  treatment  of  Douglas  fir,  is  a  very  serious  item.  It  is  now 
thought  by  the  incisions  going  into  the  wood  sufficiently,  case- 
hardening  will  be  pretty  generally  eliminated. 

I  am  sorry  that  we  do  not  have  this  report  in  such  shape  that  it 
can  be  published  this  year,  but  as  in  all  cases  where  it  is  a  new 
process,  the  strength-tests  in  connection  with  it  had  to  be  developed 
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slowly,  and  we  cannot  allow  any  advance  information  to  come  out 
until  the  whole  report  is  finished. 

We  all  know  what  an  active  interest  Mr.  Blake  took  in  this 
process,  and  it  is  a  pity  we  should  not  in  memory  of  him  develop 
it  to  conclusion  as  soon  as  possible. 

If  there  are  any  questions  you  would  like  to  ask  on  this  I  would 
be  glad  to  attempt  to  answer  them. 

Mr.  C.  E.  Gosline:  I  would  like  to  inquire  if  it  is  possible  to 
prove  whether  there  has  been  any  perceptible  gain  in  time  in  the 
treating  of  Douglas  fir  with  this  process? 

Mr.  C.  M.  Taylor:  As  far  as  my  understanding  goes,  they  an- 
ticipate a  very  considerable  saving  of  time  by  the  use  of  this 
process.  Mr.  Fairley  is  here,  and  I  would  like  to  have  him  answer 
that  question. 

Mr.  R.  H.  Fairley:  We  have  not  taken  time  into  consideration, 
and  as  we  have  not  completed  our  experimental  work  it  is  too  early 
in  the  game  to  make  any  assertion  as  to  how  much  time  is  gained. 
By  perforating  the  ties  we  expect  to  get  an  even  distribution  of 
oil  so  that  the  ties  will  have  equal  protection  all  round,  and  to  a 
great  extent  eliminate  the  light  spots,  such  as  we  are  troubled  with 
a  great  deal  in  Douglas  fir.  I  think  we  had  better  wait  until  this 
afternoon  when  some  pictures  will  be  shown,  and  I  will  probably 
have  more  to  say. 

The  President:     Any  further  discussion? 

(Mr.  Waterman  then  made  an  announcement  about  transporta- 
tion from  San  Francisco  to  Los  Angeles  and  from  there  East,  and 
Mr.  Kelly  invited  the  members  to  attend  a  dinner  and  initiation  of 
the  Concatenated  Order  of  Hoo  Hoo.) 

The  President:  Gentlemen,  please  be  prompt  at  2:00  o'clock. 
The  meeting  is  adjourned. 

WEDNESDAY  AFTERNOON  SESSION 
January  26,  1921 

The  President:  The  meeting  will  come  to  order.  We  will  recog- 
nize Mr.  Brown. 

Mr.  a.  a.  Brown:  Mr.  Chairman,  all  the  gentlemen  here  prob- 
ably heard  Dr.  Kofoid  last  night  in  his  very  able  address  on  the 
subject  of  the  teredo  and  various  marine  borers.  There  are  few 
biologists  in  the  world  who  are  able  to  do  the  work  which  Dr. 
Kofoid  has  done  for  us,  and  since  this  work  has  consumed  all  of  his 
time  that  he  has  been  expected  to  put  in  on  research,  it  would  be 
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very  fitting  and  a  wise  thing,  I  believe,  for  us  to  write  a  letter  to 
the  President  of  the  University,  Dr.  David  P.  Barrows,  expressing 
our  appreciation  for  Dr.  Kofoid's  work  and  hoping  that  he  might 
be  able  to  continue  it  for  another  year.  I  would  like  to  make  the 
motion  that  this  Association  write  such  a  letter  to  the  President  of 
the  University. 

Mr.  Carl  G.  Crawford:     Second  the  motion. 

The  President:  Gentlemen,  it  has  been  regularly  moved  and 
seconded  that  our  Association  direct  a  letter  to  the  President  of 
the  University  advising  him  of  our  appreciation  of  the  work  which 
has  been  done  by  Professor  Kofoid.  I  think  it  is  hardly  necessary 
to  say  that  we  all  feel  the  same  about  the  quality  of  the  work 
which  Professor  Kofoid  has  done.  He  is  one  of  the  few  men  in  the 
world  fitted  to  do  what  he  has  accomplished. 

Are  you  ready  for  the  question?  All  in  favor  respond  by  saying 
"aye";  contrary,  same  sign;  it  is  so  ordered.  The  Secretary  will 
write  the  letter  as  proposed  by  Mr.  Brown. 

"Experiments  with  Butt-Treated  Poles  in  California,"  by  Mr. 
P.  R.  Hicks  will  be  briefed  for  us  by  Mr.  Hunt. 

EXPERIMENTS  WITH  BUTT-TREATED  POLES  IN 
CALIFORNIA. 

By  P.  R.  Hicks.* 

In  1907  and  1908  the  Forest  Service  in  cooperation  with  var- 
ious California  electric  companies,  carried  on  a  number  of  ex- 
periments to  obtain  information  on  the  seasoning  of  poles  and  the 
efficiency  of  several  preservatives  and  methods  of  butt  treatment. 
Western  red  cedar,  the  principal  species  used  for  the  larger  class 
of  poles  in  California,  and  western  yellow  pine  poles,  were  used 
in  these  experiments.  The  western  yellow  pine  was  studied  to  de- 
termine whether  butt-treated  local  timber  could  be  satisfac- 
torily used  as  a  substitute  for  the  relatively  high-priced  western 
red  cedar  poles,  which  were  usually  obtained  from  the  Pacific 
Northwest. 

It  is  the  purpose  of  this  article  to  describe  briefly  the  treat- 
ments and  the  condition  of  the  experimental  treated  and  untreated 
poles  after  about  11  years'  service 

Preservative  Treatment. 

The  western  yellow  pine  poles  were  treated  at  Friant,  Cal.,  early 
in  1908,  after  seasoning  to  about  32  lbs.  per  cubic  foot.   The  season- 

*Engineer  in  Forest  Products,  Forest  Products  Laboratory,  Madison.  Wis. 
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ing  period  varied  from  2  to  10  months  depending  upon  the  season 
of  the  year  the  poles  were  cut.  About  3  or  4  months  elapsed  after 
treatment  before  these  poles  were  set.  The  western  red  cedar  poles 
were  obtained  from  northwestern  Washington  and  were  treated 
at  Wilmington,  Cal.,  in  1907  and  1908,  after  a  seasoning  period 
varying  from  about  3  to  9  months  in  Southern  California.  These 
poles  were  about  half-seasoned  upon  arrival  at  Wilmington.  From 
6  months  to  a  year  elapsed  after  treatment  until  the  cedar  poles 
were  set. 

The  average  absorption  and  penetration  of  the  preservatives  are 
given  in  Table  1.  The  creosote  and  carbolineum  used  in  the  brush 
treatments  were  applied  from  the  butt  end  to  a  height  of  7  feet 
at  a  temperature  of  from  170"  F.  to  200'  F.  The  second  coat  was 
applied  several  days  after  the  first  coat. 

Tablb  1.— Avehaqb  Absorption  and  Pbnbtbation  or  Pbbsbrvativbs. 


Preservative  used 

Treatment. 

Open  tank. 
Brush,  2  coats. 
Brush,  2  coats. 
Open  tank. 
Open  tank. 

Open  tank. 

Western  red  cedar. 

Western  yellow  pine. 

sold  as 

Absorp- 
tion. 

Penetra- 
tion. 

Absorp- 
tion. 

Penetra- 
tion. 

Coal-tar  cresote.* 
Coal-tar  creosote.* 
Carbolineum  America. 
Crude  oiL 
Zinc  chloride. 

Lbs.  per 
pole. 

81.0 

6.5 

6.8 

10.0 

0.6** 
.25  lb. 
sine** 
.7  lb. 
cPeo** 

Inches. 
.56 

% 

None. 

Not  deter- 
mined. 
Not  deter- 
mined. 

Lbs.  per 
pole. 

78.0 

8.8 

6.0 
54.0 

1.25** 

Inches. 
8.0 

8/16 

2.0 

Complete. 

Zinc  Creosote. 

'Analysis  showed  this  preservative  to  be  more  like  a  water-sas-tar  creosote 
than  a  coal-tar  creosote. 

**Pound8  of  dry  zinc  chloride  per  cubic  foot. 
•••Per  cubic  foot. 

It  will  be  noted  that  the  absorption  and  penetration  obtained 
by  brush  treating  western  yellow  pine  with  carbolineum  was  a 
trifle  more  than  that  obtained  with  creosote.  There  is  evidently 
no  reason  why  a  deeper  penetration  should  be  obtained  with  car- 
bolineum, and  the  relatively  small  difference  is  probably  on  ac- 
count of  the  condition  of  seasoning  of  the  poles  where  penetration 
determinations  were  made,  because  of  possible  errors  in  measuring 
such  small  penetrations,  or  on  account  of  a  little  larger  absorption. 
In  the  brush  treatments  on  western  red  cedar  poles  the  same  pene- 
tration was  obtained  with  carbolineum  as  with  creosote,  although 
the  absorption  of  creosote  was  a  little  greater. 
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In  the  brush  treatments  the  absorption,  and  possibly  the  pene- 
tration, varied  considerably  according  to  the  stage  of  seasoning  of 
the  wood,  the  effect  of  recent  rains,  the  humidity  of  the  atmosphere, 
and  the  intent  of  the  workmen  applying  the  preservatives.  It 
was  difficult  also  to  protect  the  interior  of  the  season  checks  by 
the  brush  method.  The  data  obtained  on  the  brush  treating  of 
western  red  cedar  poles  indicate  that  this  species  should  prefer- 
ably be  seasoned  to  at  least  24  lbs.  per  cubic  foot  before  apply- 
ing the  preservatives,  in  order  to  obtain  the  maximum  penetra- 
tion and  absorption.  In  this  experiment,  this  required  an  aver- 
age seasoning  period  of  about  5  1/3  months  in  the  climate  of 
Southern  California. 

Butt  treatments  by  the  open-tank  process  were  conducted 
with  creosote,  zinc  chloride,  crude  oil,  and  a  combination  of  zinc 
chloride  and  creosote  as  preservatives.  The  poles  were  treated 
for  a  distance  of  7  feet  from  the  butt  end.  As  would  be  expected 
a  greater  absorption  and  penetration,  and  hence  a  more  effective 
treatment,  was  obtained  by  the  openrtank  than  with  the  brush 
method. 

Greater  absorptions  and  penetrations  of  all  preservatives 
were  obtained  in  the  western  yellow  pine  than  in  the  cedar  poles 
treated  by  the  open-tank  method.  In  treating  the  pine  poles  with 
creosote  the  preservative  was  kept  at  from  170**  F.  to  200**  F. 
during  the  hot  bath,  while  a  hot  bath  of  about  212''  F.  was  used 
for  the  treatment  of  western  red  cedar.  The  cold  bath  was 
usually  carried  on  by  allowing  the  poles  to  cool  in  the  preserv- 
ative used  for  the  hot  bath.  Varying  periods  were  necessary  for 
the  hot  and  cold  baths,  depending  upon  the  dryness  of  the  poles. 

The  results  obtained  in  the  treatment  of  poles  by  the  open- 
tank  process  indicated  that  western  red  cedar  poles  should  be 
seasoned  to  at  least  25  lbs.  per  cubic  foot  before  treatment  which 
required  2  to  8  months  in  this  experiment  depending  upon  the 
season  the  poles  arrived  in  Southern  California.  Greater  ab- 
sorptions and  penetrations  were  obtained  after  seasoning  to  23 
lbs.  per  cubic  foot,  which  required  an  additional  month  to  sea- 
son. 

The  pine  poles  were  treated  much  more  readily  than  cedar. 
Only  the  sapwood  of  western  red  cedar,  which  is  usually  from 
14  to  1  inch  in  depth,  could  be  treated  with  creosote  by  means  of 
the  open-tank  process,  whereas  in  the  pine  a  penetration  of  3 
inches  was  easily  obtained. 

Western  red  cedar  could  not  be  successfully  impreg- 
nated with  crude  oil  by  the  open-tank  method,  although  a  satis- 
factory treatment  was  obtained  on  the  western  yellow  pine  poles. 
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Satisfactory  absorptions  were  obtained  in  the  open-tank 
treatment  of  the  pine  and  cedar  poles  with  zinc  chloride,  although 
the  pine  absorbed  more  of  the  preservative,  with  a  probable 
greater  penetration,  than  the  cedar  poles. 

The  duration  and  the  temperature  of  the  hot  and  cold  baths 
were  varied  as  in  the  treatments  with  creosote.  Western  red 
cedar  poles  seasoned  to  only  31  lbs.  per  cubic  foot  could  be  suc- 
cessfully treated  with  zinc  chloride  compared  with  25  lbs.  per 
cubic  foot,  which  was  found  desirable  for  the  successful  treatments 
with  creosote.  The  open-tank  treatments  with  creosote  and  zinc 
chloride  could  be  used  only  on  the  cedar  poles  after  being  sea- 
soned to  at  least  25  lbs.  peif  cubic  foot.  Poles  treated  by  this 
method  were  usually  held  in  a  bath  of  creosote  at  212**  F.  for  an 
hour  or  more,  then  plunged  into  a  solution  of  zinc  chloride.  No 
treatments  of  this  kind  were  given  any  of  the  pine  poles. 

Preservatives. 

The  creosote  used  for  the  treatment  of  these  poles  was  pur- 
chased as  coal-tar  creosote.  Six  samples  of  this  creosote,  taken 
at  different  times,  were  analyzed,  and  in  all  cases  over  40%  of 
the  oil  distilled  below  235  **  C.  This  would  indicate  that  the  creo- 
sote would  not  be  accepted  today  as  Grade  3  A.  W.  P.  A.  creo- 
sote oil  for  ties  and  structural  timber.  Tests  such  as  the  index 
of  refraction,  specific  gravity,  and  sulphonation  residues  of  the 
fractions  all  indicated  that  this  preservative  was  more  nearly  like 
a  water-gas-tar  creosote  than  a  coal-tar  creosote.  The  analyses 
are  given  in  Table  2. 

Tablb  2. — Analyses  of  Cbbosotb. 


Specific  gravity  at  60"  C 

Specific  gravity  at  50"  C 

DistiUate  up  to  205"  C 

205"   C.  to  255"   C. 

255"   C.  to  295"   C. 

295"   C.  to  820"   C. 

Residue    — 

Loss    


Sample 
No.  1. 


10156 


Per  cent 
17.6 

49.1 

14.0 

6.5 
12.4 

0.4 


Sample  Sample 
No.  2.    No.  S. 


1.022S     1.0822 


Ter  cent 
8.8 

49.1 

18.4 

8.0 
21.1 

0.1 


8.0 
49.8 
14.2 

6.9 
19.4 

0.4 


Sample,  Samplei  Sample 
No.  4.   No.  5.   No.  6. 


1 

1.0155 

I'er  cent 

15.8 

1.0240 

I'er  cent 

9.9 

55.7 

67.9 

11.4 

12.6 

4.8 

5.0 

11.6 

11.8 

0.7 

0.2 

1.0205 

I'er  cent 

11.1 

56.8 

12.7 

6.6 
12.0 

0.8 


NoTB. — Analyses  calculated  to  water-free  basis.  Western  red  cedar  poles 
treated  with  creosote  similar  to  samples  1,  2  and  8.  The  pine  poles  were  treated 
with  creosote  similar  to  samples  4,  5  and  6. 
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The  carbolineiun  used  on  these  experimental  poles  was  pur- 
chased from  the  C.  A.  Manufacturing  Company,  Austin,  Tex.,  as 
Garbolineum  America.  A  sample  taken  for  analysis  was  too 
small  to  be  analyzed.  Following  is  an  analysis  made  about  the 
same  time  according  to  the  standard  methods  of  the  American 
Telephone  and  Telegraph  Company  on  another  sample  of  this 
carbolineum  procured  from  the  manufacturer: 

Analyses  op  Carbouneum. 

Required  by 

A.  T.  ft  T.  Co.  Found. 
Specifications. 

Specific  srravity  at  17'  C 1.1  to  1.4  1.12 

Flash  point Not  less  than  121»  C.  128"  C. 

BurninflT  point "      "        *'    168"  C.  165'  C. 

Mineral   matter Not  more  than  .06%  .046% 

Distillates: 

Below   286.5**    C 2%  .12% 

285.6"  C.  to  816*  C "         "          "       16%  27.68% 

Residue "         "          "      90%  71.86% 

Loss »'        "          "        .6%  .46% 

Tar  acids "        *•          *•       .6%  .88% 

.Solids No  separation  86*  F.-40*  F.        None 

It  is  seen  from  the  above  results  that  this  oil  compares 
very  favorably  with  the  specifications  for  carbolineum  of  the 
American  Telephone  and  Telegraph  Company,  being  fully  up  to 
the  standard  in  all  tests  but  one,  namely,  that  portion  distilled 
between  235.5**  C.  and  315**  C. 

Method  of  Setting. 

No  regular  procedure  was  followed  in  setting  the  experi- 
mental poles,  although  treated  and  untreated  poles  were  al- 
ternated as  often  as  possible  in  the  various  lines. 

Method  of  Inspection. 

The  original  circumference  of  the  poles  at  the  point  of 
greatest  decay,  generally  at  or  just  below  the  ground  line,  was 
determined  by  measurement  shortly  after  the  poles  were  set. 

The  first  step  in  the  inspection  was  to  remove  the  soil  from 
the  butt  of  each  pole  to  a  depth  of  about  1  foot. 

Each  pole  was  hit  in  several  places  near  the  ground  line  with 
the  blunt  end  of  a  hand  ax  to  determine  by  sound  if  the  pole 
was  hollow.  If  the  pole  sounded  hollow,  increment  borings  were 
made  as  often  as  necessary  to  determine  the  size  and  location 
of  the  "hollow"  and  the  holes  were  carefully  plugged  with  creo- 
soted  plugs. 

Decayed  portions  of  the  pole,  or  portions  destroyed  by  in- 
sects, were  carefully  removed  with  a  chisel  or  hand  ax,  and  the 
circumference  measured   at  the   point  of  greatest   decay,   which 
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was  usually  found  to  be  at  or  near  the  point  selected  for  the 
first  measurement.  In  this  manner  the  loss  in  circumference  of 
each  pole  was  readily  determined.  Corrections  to  this  circum- 
ference were  made  for  decayed  pockets  or  checks  and  hollow 
centers. 

AS  a  check  on  the  location  of  each  measurement,  and  to  al- 
low for  occasional  ground  line  changes,  a  small  copper  or  zinc 
nail  was  usually  driven  in  the  pole  butt  12  inches  above  the  orig- 
inal measurement.  The  soil  was  carefully  replaced  around  the 
pole  butts  after  the  inspection  was  completed. 

The  representative  of  the  Forest  Products  Laboratory  was 
assisted  by  one  or  more  members  of  the  cooperating  companies 
during  each  inspection. 

Condition  of  Experimental  Poles. 

Western  Yellow  Pine  Poles.— The  40-foot  experimental 
western  yellow  pine  poles  set  in  1908  in  the  Stokes  Mountain 
Line  of  San  Joaquin  Light  and  Power  Corporation,  near  Fresno, 
Cal.,  were  cut^  peeled  and  seasoned  during  1906  and  1907  in 
Madera  County,  California.  The  treating  experiments  w^ere 
carried  on  early  in  1908.  Results  obtained  with  these  treated 
and  untreated  experimental  pine  poles  are  given  in  Table  3,  and 
penetration  and  absorption  of  the  preservatives  in  Table  1. 

The  average  life  of  the  pine  poles  butt-treated  with  creosote 
by  the  open-tank  process  was  8.4  years,  compared  with  3.8  years 
for  the  untreated  poles.  The  relatively  short  life  of  these  treated 
poles  was  not  on  account  of  failure  of  the  treatment  in  the 
butts,  but  was  caused  by  decay  in  the  untreated  tops. 

About  one  half  of  the  poles  butt-treated  with  zinc  chloride 
were,  hdwever,  removed  on  account  of  decay  in  the  treated  butts. 

Approximately  one-third  of  the  poles  butt-treated  with 
crude  oil  by  the  open-tank  method  failed  on  account  of  decay 
in  the  treated  butts.  While  the  average  life  of  the  poles  butt- 
treated  with  zinc  chloride  and  those  treated  with  crude  oil  was 
about  the  same,  no  definite  conclusions  can  be  drawn  as  to  the 
relative  merits  of  zinc  chloride  and  crude  oil,  on  account  of  the 
comparatively  small  number  of  poles  in  the  summary  and  the 
large  number  of  failures  in  the  untreated  tops. 

There  was  no  appreciable  difference  in  the  relative  dura- 
bility of  the  pine  poles  brush-treated  with  creosote  and  with  car- 
bolineum.  The  small  difference  in  favor  of  the  carbolineum  is 
not  sufficient  to  have  much  weight,  especially  in  view  of  the  re- 
sults obtained  in  other  similar  experiments. 
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These  experiments  demonstrated  that  butt-treated  western 
yellow  pine  poles  cannot  be  successfully  used  in  Southern  Cali- 
fornia, in  comparison  with  untreated  or  similarly  treated  western 
red  cedar  poles,  on  account  of  failure  of  the  untreated  tops.  If 
this  species  is  to  be  used  for  poles  in  Southern  California,  the 
entire  pole  should  be  treated,  preferably  with  creosote. 

Western  Red  Cedar  Poles. — ^The  butt-treated  and  un- 
treated experimental  35-foot  and  40-foot  western  red  cedar  poles 
were  placed  during  1907,  1908,  and  1909,  in  the  vicinity  of  Los 
Angeles,  in  the  lines  of  the  Pacific  Electric  Railway,  Southern 
California  Edison  Company,  Los  Angeles  Gas  and  Electric  Com- 
pany, U.  S.  Long  Distance  Telephone  and  Telegraph  Company, 
and  the  Southern  California  Telephone  Company.  Inspections 
of  these  poles  were  made  in  the  fall  of  1910,  1911,  1912,  1913, 
1916,  and  in  January,  1920.  For  convenience  in  presenting  the 
1920  inspection  data,  Table  4,  and  Fig.  1  have  been  prepared. 
In  calculating  the  average  loss  in  circumference  at  the  point 
of  greatest  decay  (usually  at  or  near  the  ground  line)  a  re- 
placement circumference  of  24  inches  was  assumed  for  the  few 
poles  already  removed. 

General  Conclusions 

The  depth  of  penetration  of  the  preservative  appears  to  ex- 
ercise the  controlling  influence  on  the  durability  of  butt-treated 
western  red  cedar  poles.  An  average  penetration  of  0.56  inch 
was  obtained  in  the  open-tank  treatments  with  creosote. 

Out  of  a  total  of  375  poles  given  this  treatment,  349,  or 
93.1%,  were  still  sound,  and  26,  or  9.6%  were  partly  decayed 
after  11  years'  service.  The  average  penetration  of  the  26 
poles  which  were  partly  decayed  was  only  0.28  inch.  The  decay 
was  caused  principally  on  account  of  checks  through  the  com- 
paratively thin  treated  part  of  the  pole,  and  occurred  in  most 
cases  simply  as  a  decayed  pocket,  while  the  rest  of  the  butt  was 
sound.  A  few  small  decayed  pockets  were  found  also  under  thin 
strips  of  bark  which  prevented  the  penetration  of  creosote  dur- 
ing treatment. 

Western  red  cedar  poles  could  not  be  satisfactorily  butt- 
treated  with  creosote  by  the  open-tank  or  the  brush  methods  un- 
less seasoned  to  at  least  25  lbs.  per  cubic  foot  Better  pene- 
trations were  obtained  when  they  were  seasoned  to  23  pounds. 

The  poles  treated  in  an  open-tank  with  zinc  chloride  and 
creosote  were  in  somewhat  better  condition  than  those  brush- 
treated  with  creosote  or  with  carbolineum.  The  brush-treated 
cedar  poles  were  in  better  condition  than  those  treated  with 
zinc  chloride  by  the  open-tank  process. 
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As  only  two  poles  treated  with  crude  oil  were  included  in 
these  experiments,  no  conclusions  can  be  drawn  as  to  the  value 
of  this  treatment. 

In  this  experiment  the  value  of  the  open-tank  treatment 
with  creosote  as  compared  to  brush  treatment  stands  out 
clearly.  TTie  results  from  the  brush  treatments,  however,  are 
very  good,  as  will  be  seen  by  comparing  their  condition  with 
that  of  the  untreated  poles.  Undoubtedly  brush  treatment  of 
cedar  poles  is  a  good  investment  where  a  better  treatment  is 
for  some  reason  or  other  impractical. 

In  analyzing  the  above  data,  and  in  comparing  the  results 
obtained  with  treated  and  untreated  poles  in  other  parts  of  the 
country,  it  must  be  kept  in  mind  that  on  account  of  climatic 
conditions  in  Southern  California  these  experimental  poles  are 
subjected  to  decay  throughout  the  entire  year. 

Mr.  Gbo.  M.  Hunt:  Mr.  Chairman,  this  report  covers  a  subject 
which  is  not  new  to  this  Association  or  to  those  who  are  interested 
in  the  preservative  treatment  of  poles.  Its  object  is  to  bring  up  to 
date  inf(frmation  on  an  experiment  which  was  started  some  12 
years  ago  in  California.  We  have  a  great  many  service-tests  under 
way  throughout  the  country,  and  it  is  necessary  to  keep  the  public 
informed  as  to  the  progress  of  these  experiments  from  time  to 
time,  hence  this  paper. 

In  Southern  California  the  climate  is  such  that  decay  can  proceed 
during  a  very  large  portion  of  the  year,  and  conditions  are  not  the 
same  as  we  have  in  some  other  parts  of  the  country  where  it  is 
cool  for  a  long  season,  and  decay  during  that  time  is  dormant.  For 
instance^  it  is  not  reasonable  to  expect  that  a  pole  in  Southern 
California  will  give  the  same  life  as  a  pole  perhaps  in  New  York, 
or  New  England. 

The  western  yellow  pine  poles  were  given  a  butt  treatment  with 
various  preservatives.  The  butt  treatments  have  protected  the 
part  of  the  poles  where  they  were  applied,  but  the  wood  above  the 
treatment,  that  is,  the  tops  of  the  poles,  for  the  most  part  have  de- 
cayed. The  poles  have  been  rendered  unserviceable,  not  because  of 
the  failure  of  the  treatment,  but  because  they  were  not  treated 
throughout  their  entire  length.  With  the  western  red  cedar  this 
does  not  hold.  The  red  cedar  does  not  decay  above  the  ground-line, 
and  does  not,  therefore,  appear  to  need  treatment  above  the  ground- 
line.  Therefore,  the  cedar  poles  have  given  very  satisfactory  serv- 
ice. It  shows  that  if  you  wish  to  use  western  yellow  pine  poles  you 
can  be  safe  only  if  you  treat  the  entire  pole.  The  butt  treatment 
is  not  sufficient  for  that  speeds: 
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SERVICE-TESTS   OF   TREATED   AND   UNTREATED   FENCE 

POSTS. 

By  J.  D.  MacLean** 

A  series  of  experiments  have  been  conducted  by  the  Forest 
Service  to  obtain  information  on  the  relative  durability  of  untreated 
fence  posts  of  various  species  and  those  treated  by  different 
methods  and  with  a  number  of  preservative  oils.  These  experi- 
ments have,  to  a  largre  extent,  been  conducted  in  cooperation  with  a 
number  of  State  agricultural  experiment  stations. 

Most  of  the  posts  were  placed  in  service  from  1908  to  1909, 
and  inspections  of  their  condition  have  been  made  at  intervals  since 
then.  The  object  of  this  paper  is  to  present  the  information 
obtained  to  date  in  these  investigations,  and  to  discuss  briefly  the 
results  of  the  tests. 

Cooperating  Experiment  Stations. 

Much  of  the  experimental  work  has  been  done  in  cooperation 
with  the  agricultural  experimental  stations  listed  below,  and 
acknowledgment  is  made  to  the  officials  of  these  stations  for  their 
valuable  assistance  in  making  these  tests: 

Alabama  Polytechnic  Institute,  Auburn,  Alabama. 

Iowa  State  College,  Ames,  Iowa. 

Maryland  Agricultural  Experiment  Station,  College 

Park,  Maryland. 
North    Louisiana    Agricultural   Experiment   Station, 

Calhoun,  Louisiana. 
State  Agricultural  Experiment  Station,  Ft.   Collins, 

Colo. 
South    Carolina    Agricultural    Experiment    Station, 

Clemson  College,  South  Carolina. 
University   of   Minnesota,    Agricultural    Experiment 
Station,  Zumbra  Heights,  Minnesota. 

This  wide  distribution  of  the  experimental  posts  in  various 
parts  of  the  country  has  made  it  possible  to  study  the  durability  of 
a  large  number  of  species  used  for  post  material  under  different 
climatic  and  &oil  conditions. 

Experiments  of  this  nature  must  extend  over  a  considerable 
period  of  time,  and  it  is  to  be  expected  that  some  of  the  posts  will 
be  lost  through  changing  of  fence  lines,  and  other  causes.  Some 
of  the  posts  were  treated  and  placed  in  service  on  farms  in  the 
vicinity  of  the  experiment  stations.  However,  the  larger  propor- 
tion were  placed  in  use  on  the  grounds  of  the  experiment  stations 


*Encrineer  in  Forest  Products,  Forest  Products  Laboratory,  Madison,  Wis. 
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so  that  it  has  been  possible  to  keep  much  more  accurate  records  of 
removals  and  changes  in  the  fence  lines  than  is  usually  possible  on 
farm  fences. 

The  posts  were  generally  set  a  short  time  after  treatment, 
although  in  a  few  cases  they  were  open-piled  for  a  year  or  two 
before  they  were  placed  in  service. 

Method  of  Making  Inspections. 

Each  experimental  post  was  tagged  with  a  zinc  or  brass  tag 
for  identification.  The  inspections  have  been  made  at  intervals 
varying  from  1  to  2  years. 

Posts  found  to  be  practically  free  from  decay  were  classed  as 
"sound,"  those  which  were  affected  with  decay  at  the  tops  or  butts 
and  were  still  serviceable  were  classed  as  "top  partly  decayed"  or 
"butt  partly  decayed."  When  the  progress  of  decay  was  so  ad- 
vanced as  to  warrant  early  removal  of  the  post  it  was  classed  as 
"top  decayed"  or  "butt  decayed."  Posts  which  had  been  removed 
on  account  of  decay  were  so  recorded.  When  fence  lines  were 
moved  posts  often  disappeared  from  the  test  on  account  of  the 
identification  tags  becoming  lost  or  through  the  placing  of  the  posts 
in  other  fences  where  they  could  not  be  located.  In  some  cases 
the  posts  were  destroyed  by  causes  other  than  decay.  Those  which 
were  known  to  have  disappeared  for  any  of  these  reasons  were 
classed  as  "missing.^' 

The  data  given  in  Tables  1  to  9  inclusive  are  based  on  the  num. 
ber  of  posts  found  at  the  last  inspection  and  on  those  recorded  as 
."removed  on  account  of  decay." 

Discussion  of  Results. 

With  a  few  exceptions,  most  of  the  posts  treated  at  the  experi- 
ment stations  averaged  from  5  inches  to  6  inches  in  diameter 
and  from  6^  feet  to  7V^  feet  long.  Most  of  these  were  treated  in 
the  round  form,  which  is  the  most  suitable  form  of  post  for  treat- 
ment since  the  sapwood  is  more  easily  impregnated  than  the 
heartwood. 

Where  there  are  only  a  few  posts  of  a  given  species,  or  where 
there  are  only  a  few  in  a  particular  treatment,  too  much  weight 
should  not  be  attached  to  the  results. 

On  account  of  the  comparatively  small  number  of  untreated 
posts  set  in  these  experiments  it  is  difficult  to  obtain  reliable  figures 
on  the  average  life  of  various  species  when  untreated,  or  to  com- 
pare the  relative  durability  of  treated  and  untreated  posts.  It  is 
known,  however,  that  when  untreated,  the  non-durable  woods  used 
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for  post  material  have  an  average  life  varying  from  2  years  to  6 
years,  depending  upon  the  soil  conditions,  location,  etc. 

A  large  proportion  of  the  treated  posts  had  been  in  service 
between  10  years  and  12  years  at  the  time  of  the  last  inspection. 
Table  1  shows  the  condition  of  the  posts  of  each  species  at  the 
various  locations  where  they  are  placed  in  service.  In  this  table 
the  species  are  arranged  alphabetically  and  grouped  according  to 
treatment.  Table  1-a  gives  data  on  a  number  of  experimental 
posts  which  have  not  been  inspected  recently. 

Tables  2  to  9  inclusive  are  summaries  of  data  given  in  Table 
1,  and  show  the  condition  of  treated  posts  which  have  been  in  serv- 
ice from  10  years  to  12  years.  In  these  tables  the  posts  are 
grouped  according  to  the  preservative  and  method  of  treatment 
employed.  Posts  of  the  non-durable  woods  are  grouped  separately 
from  those  which  are  commonly  considered  durable  when  untreated. 
The  durable  species  include  such  woods  as  cedar,  chestnut,  cypress, 
black  locust,  and  others  fairly  resistant  to  decay.  In  this  classifica- 
tion the  term  ''durable"  applies  only  to  the  heartwood. 

In  addition  to  the  posts  set  in  cooperation  with  the  agricultural 
experiment  stations,  Tables  1  and  1-a  contain  data  on  posts  set  in 
various  other  locations.  The  service  records  on  these  however, 
are  for  a  shorter  period,  and  the  data  are  given  for  the  purpose  of 
making  the  records  complete.  On  account  of  the  shorter  period  of 
service  these  posts  are  not  included  in  the  summaries  given  in 
Tables  2  to  9  inclusive. 

Alabama  Polytechnic  Institute,  Auburn,  Alabama. 

The  posts  at  this  experiment  station  were  treated  with  coal-tar 
creosote  using  a  hot-bath-butt  treatment,  and  a  cold  bath  for  the 
entire  post.  All  the  posts  were  open  piled  for  about  2^  years  after 
treatment. 

About  25  of  the  pine  and  gmn  posts  were  treated  shortly  after 
heavy  rains,  and  at  the  time  of  treatment  were  found  to  have  more 
or  less  irreg^iiar  penetrations.  It  is  very  probable  that  the  poor 
penetration  in  some  of  these  posts  is  responsible  for  their  early 
decay.  Many  of  the  posts  at  this  place  are  also  under  severe  con- 
ditions, being  covered  with  vines  or  surrounded  with  brush  and 
dense  undergrowth. 

Iowa  State  College,  Ames,  Iowa. 

All  of  the  posts  treated  for  this  experiment  station  were  given 
a  butt  treatment  with  coal-tar  creosote.  The  larger  part  of  these 
were  white  cedar,  which  with  very  few  exceptions  are  still  in 
excellent  condition.     Quite  a  number  of  the  posts  of  non-durable 
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species  were  destroyed  by  decay  at  the  top,  above  the  treatment. 
Apparently  the  oil  became  low  in  the  tank  during  the  treatment  of 
some  of  the  posts,  or  they  were  set  too  deeply,  and  these  have 
decayed  at  the  butt  on  account  of  the  treatment  not  extending 
above  the  ground-line. 

Maryland    Agricultural   Experiment   Station,   College   Park,   Md. 

Posts  of  19  different  species  were  treated  and  set  at  this 
experiment  station.  The  preservatives  used  were  coal-tar  creosote, 
crude  petroleum,  semi-liquid  asphalt,  and  water-gas  tar.  Treat- 
ments were  made  with  each  of  the  three  latter  preservatives 
for  the  hot  bath,  in  order  to  study  their  value  as  a  heating  medium. 
After  treatment  in  the  hot  bath,  the  entire  post  was  treated  in  a 
cold  bath  of  coal-tar  creosote.  The  object  in  using  oils  other  than 
creosote  in  the  hot  bath  was  to  investigate  the  possibilities  of 
using  a  cheap  oil  for  this  purpose,  to  avoid  the  loss  through  vola- 
tilization of  the  more  expensive  creosote  oil.  The  good  results 
secured  in  these  durability  tests  seem  to  indicate  that  both  the 
crude  petroleum  and  water-gas  tar  offer  possibilities  of  a  satisfac- 
tory substitute  for  creosote  in  the  bot-bath  treatment.  It  was 
found  that  the  semi-liquid  asphalt  employed  in  these  experiments 
was  unsatisfactory,  as  it  heated  up  slowly  and  gave  considerable 
trouble  from  foaming. 

North   Louisiana  Agricultural  Experiment  Station,  CaHioun,  La. 

The  posts  set  at  this  experiment  station  were  given  a  hot- 
bath-butt  treatment  in  coal-tar  creosote  followed  by  a  cold  bath 
treatment  for  the  entire  post.  These  were  set  at  intervals  between 
March,  1908,  and  March,  1910,  and  had  been  in  service  from  10% 
years  to  12  %  years  at  the  time  of  the  last  inspection.  Prior  to  the 
time  of  setting,  the  posts  were  open-piled  at  the  station. 

Results  of  the  test  indicate  that  the  bay  posts  are  much  less 
durable  than  those  of  the  other  species,  although  the  treating 
records  show  that  they  received  the  heaviest  absorption,  which 
averaged  between  8  lbs.  and  9  lbs.  per  cubic  foot.  It  would  appear 
that  these  posts  were  saturated  with  oil  at  the  bottom  where  it 
was  of  little  value,  and  that  the  radial  penetration  was  very  lim- 
ited. These  posts  have  shown  a  tendency  to  check  considerably, 
and  these  checks  may  hasten  decay  by  exposing  untreated  wood. 

The  loblolly-pine  posts  are  not  in  as  good  condition  as  the 
cypress  or  gum  posts.  It  is  stated  in  the  report  on  the  treatments 
that  difficulty  was  experienced  in  removing  the  inner  bark  from 
these  posts  and  that  this  bark  interfered  in  securing  a  proper 
treatment 
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state  Agricultural  Experiment  Station,  Ft  Collins.  Colo. 

The  species  of  posts  set  at  Ft.  Collins,  comprised  Alpine  fir» 
lodgepole  pine,  and  Engleman  spruce.  Posts  of  each  species  were 
given  open-tank-butt  treatments  and  brush  treatments  with  water- 
gas  tar.  Lodgepole  pine  and  Engleman  spruce  posts  were  also 
given  brush  treatments  with  crude  oil.  At  the  last  inspection  all 
the  posts  had  been  in  service  6  years. 

It  will  be  observed  from  the  data  in  Table  1  that  the  posts 
given  an  open-tank-butt  treatment  with  water-gas  tar  were  in  far 
better  condition  than  any  of  the  posts  given  a  brush  treatment.  A 
comparison  of  the  posts  brush-treated  with  crude  oil  and  with 
water-gas  tar  shows  that  only  3%  of  those  brush-treated  with  crude 
oil  are  sound,  and  67%  are  decayed  or  have  been  removed  on 
account  of  decay.  There  are  52%  of  the  posts  brush-treated  with 
water-gas  tar  which  are  still  sound,  and  12%  are  decayed,  or  have 
been  removed  on  account  of  decay. 

South  Carolina  Experiment  Station,  Clemson  College,  S.  C. 

The  posts  at  this  station  were  treated  in  August  and  Septem- 
ber, 1908,  and  were  set  between  January  and  August,  1909.  It 
has  been  necessary  to  change  the  fence  lines  several  times  in  some 
locations,  and  now  quite  a  number  of  the  posts  are  missing  from 
those  originally  set. 

A  considerable  amount  of  experimental  work  was  done  at  this 
station  to  study  various  factors  affecting  treatment,  and  for  this 
reason  some  of  the  posts  received  poor  penetrations. 

Both  open-tank  and  brush  treatments  were  made  on  several 
species  with  coal-tar  creosote.  A  few  posts  were  also  charred  to 
investigate  the  value  of  charring  as  a  protection  against  decay. 

University     of     Minnesota     Agricultural     Experiment     Station, 
Zumbra  Heights,  Minn. 

About  2,000  posts  were  originally  treated  in  cooperation  with 
this  experiment  station  in  1908.  Part  of  these  were  placed  in 
service  on  the  University  fruit  farm  at  Zumbra  Heights,  and  a 
large  number  were  sold  for  use  on  nearby  farms.  About  90%  of 
the  treated  posts  were  split,  the  larg^er  proportion  being  basswood 
and  red  oak.  At  the  last  inspection  about  1,100  were  still  included 
in  the  experiment.  Most  of  the  missing  posts  were  lost  on  the 
various  farms  when  removals  or  changes  were  made  in  the  fence 
lines. 

All  species  in  the  experiment  were  treated  with  coal-tar  creo- 
sote.   Two  of  the  species,  basswood  and  red  oak,  were  treated  with 
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water-gras  tar  and  also  with  a  hot  bath  of  water-gas  tar  followed 
with  a  cold  bath  in  coal-tar  creosote  for  the  entire  post. 

Posts  of  all  species  were  treated  with  a  cold  oil  bath  only  in 
coal-tar  creosote  to  determine  the  effectiveness  of  this  treatment. 
The  best  results  with  this  method  were  secured  in  the  treatment 
of  red  oak,  probably  on  account  of  its  open-porous  nature  which 
permitted  the  creosote  to  penetrate  more  thoroughly  than  in  the 
other  species.  While  this  method  was  much  less  effective  with  the 
other  woods,  it  is  no  doubt  considerably  more  efficient  than  the 
brush  treatment. 

In  1912  a  total  of  135  posts  of  several  species  were  given  open- 
tank,  brush,  and  dipping  treatments  with  coal-tar  creosote,  and 
brush  and  dipping  treatments  with  carbolineum.  On  account  of 
the  small  number  of  posts  of  each  species  in  a  treatment,  the 
species  are  all  grouped  in  the  treatments  and  classed  as  ''mixed" 
species  in  Table  1. 

General  Conclusions. 

The  following  general  conclusions  are  made  from  the  data 
obtained  in  these  experiments : 

(1)  The  durability  of  posts  whether  treated  or  untreated  is 
influenced  by  a  number  of  factors,  such  as  species,  method  of  sea- 
soning, size  of  post,  proportion  of  heartwood  and  sapwood,  whether 
posts  are  round  or  split,  soil  conditions,  and  climatic  conditions. 

(2)  Posts  should  be  thoroughly  seasoned,  and  all  bark  entirely 
removed  before  treatment. 

(3)  Radial  penetration  is  of  prime  importance,  and  a  good 
absorption  is  not  always  an  indication  of  a  satisfactory  treatment. 
Some  species,  such  as  basswood,  bay,  cottonwood,  poplar,  and 
willow,  appeared  to  take  heavy  absorptions,  due  to  end  penetration, 
but  were  very  difficult  to  penetrate  radially.  This  might  result  in 
an  excessive  absorption  and  penetration  in  the  bottom  6  inches  of 
the  post,  but  very  little  near  the  ground-line,  which  is  the  most 
important  point.  Special  care  should,  therefore,  be  used  in  the 
treatment  of  such  woods  to  secure  the  best  possible  radial  penetra- 
tion at  the  ground-line. 

j[4)  In  order  to  secure  the  most  satisfactory  results  both 
tops  and  butts  should  be  treated,  although  the  tops  need  not  be 
given  such  a  heavy  treatment  as  the  butts.  It  is  especially  impor- 
tant that  the  tops  of  posts  of  non-durable  species  should  be  treated. 

The  superiority  of  treatment  of  the  entire  post  over  butt  treat- 
ment only  is  very  marked  in  the  results  of  the  tests.  Posts  given 
a  butt  treatment  were  all  set  in  the  Northern  States  where  the 
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decay  conditions  are  less  severe  than  those  in  the  South.  However, 
with  the  exception  of  the  durable  species,  there  is  a  wide  difference 
in  the  durability  of  posts  g^iven  the  butt  treatment  as  compared 
with  posts  given  both  a  top  and  butt  treatment.  Butt  treatments 
are  apparently  more  suitable  for  posts  of  the  durable  wood  in  the 
split  form,  or  where  they  have  very  little  sapwood.  Where  it  is 
not*possible  to  treat  the  entire  post  on  account  of  the  lack  of  time 
or  equipment,  a  butt  treatment  is  well  warranted  and  will  increase 
the  life  of  the  posts  very  materially. 

(5)  Brush  treatment  helped  increase  the  life  of  posts,  but 
this  method  of  treatment  is  very  inferior  to  the  open-tank  method. 

(6)  Charring  posts  seems  to  be  of  very  little,  if  any,  value 
as  a  protection  against  decay.  Any  checking  through  the  charred 
area  exposes  untreated  wood  to  the  action  of  fungus,  and  efforts  to 
increase  the  life  of  posts  by  this  method  have  usually  proved  to  be 
unsatisfactory. 

(7)  The  order  of  merit  of  the  non-pressure  treatments  em- 
ployed in  these  experiments  is  as  follows,  beginning  with  the  one 
showing  the  best  results: 

(a)  Open-tank  treatment  of  the  entire  post  in  creo- 

sote oil.     Butts  treated  in  hot  bath  followed  by 
a  cold  oil  bath  for  the  entire  post. 

(b)  Hot  and  cold-bath-butt  treatment  with  coal-tar 

creosote. 

(c)  Cold  oil  bath  only  with  coal-tar  creosote. 

(d)  Brush  treatment  with  coal-tar  creosote. 

(8)  Water-gas  tar  apparently  possesses  preservative  quali- 
ties, and  when  a  suitable  penetration  is  obtained  the  results  will 
probably  be  satisfactory.  It  is  necessary,  however,  that  a  water- 
gas  tar  of  good  quality  should  be  selected. 

(9)  Crude  oil  by  itself  seems  to  be  very  unsatisfactory  for 
post  treatment  on  account  of  its  low  toxic  value  and  the  difficulty 
of  obtaining  a  good  penetration. 

(10)  The  good  results  secured  with  the  use  of  crude  petrol- 
eum and  with  water-gas  tar  for  the  hot  bath  seem  to  indicate  that 
it  may  be  practical  to  substitute  a  cheaper  oil  for  the  heating 
medium  when  creosote  is  employed  for  the  subsequent  cold  bath. 

(11)  Results  of  the  experiments  in  various  sections  of  the 
country  show  that  posts  decay  much  more  rapidly  in  the  Southern 
States  than  they  do  in  the  North  where  winters  are  longer  and 
more  severe.  For  this  reason  it  is  particularly  essential  that  the 
entire  post  should  be  treated  when  it  is  to  be  used  in  the  southern 
climate. 
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(12)  The  open-tank  method  of  treatment  seems  to  be  entirely 
satisfactory  for  fence  posts,  provided  they  are  properly  prepared, 
and  a  suitable  preservative  is  used. 

The  analyses  of  several  oils  used  in  these  experiments  are 
given  below.  These  analyses  were  made  by  the  Forest  Service 
method  as  described  in  Forest  Service  Circular  No.  112. 

Maryland  Aoricultural  Experiment  Station,  College  Park.  Md. 
Creosote    (first  shipment). 

Specific  jrravity  at  60*    C 1.0210 

Per  cent. 

Water    content 1.2 

DistiUate    up    to    206*    C 12.1 

206-266*   C.   - - — 68.8 

255  295"   C - 14.0 

295-806'   C 2.6 

Residue    16.8 

Loss    — 0.1 

ToUl 100.0 

Index  of  refraction  values  ranges  from  1.6916  to  1.6227. 

Creosote    (second  shipment). 

Specific  gravity  at  60*   C - 1.0266 

Per  cent. 

Water   content    trace 

DistiBatc  up  to  206*'    C - 10.4 

206-266'    C - —     68.4 

256-296*'    C.    - 18.2 

296-820"    C - - 9.1 

Residue 18.6 

Loss _ 0.8 

Total     _ 100.0 

Index  of  refraction  values  ranges  from  1.6368  to  1.6188. 

Crude  oU. 

Specific  irravity  at  60*  C - 0.8991 

Per  cent. 

DistiUate  up  to  206*  C 8.1 

206-266"    C - :.. _  16.7 

266-296"   C 17.2 

296-808"    C.    6.1 

Residue    52.0 

Loss    - _ 0.9 

Total 100.0 

Index  of  refraction  values  ranges  from  1.4886  to  1.4807. 

Water-Gas  Tar. 

Specific  gravity  at  60"  C 1.0899 

Percent. 

Distillate  up  to  206"  C 15.9 

206-255"   C.   -_ 24.8 

255-295"   C 12.7 

295-820"   C. - - 6.8 

820-880"    C - 8.2 

Residue     86.6 

Loss    - 0.6 

Total 100.0 
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State  Aqricultural   Experiment   Station.   Ft.   Collins,   Colo. 

WaAer-GoB  Tar, 

Specific  irravily  at  60°  C 1.152 

Water  content  67c. 

Per  cent. 

Distillate  up  to  285'  C.   4.9 

285-246°   C — - 1.3 

245-275-   C 4.0 

276-806*  C 8.6 

805-850*   C 16.4 

Residue    64.9 

Loss    ^_. 1.0 

Total 100.0 

South  Carolina  Aqricultural   Experiment  Station,   Clemson 
College.  S.  C. 
Cr909oie. 

Specific  gravity   at   60°    C _ — 1.0581 

Per  cent. 
Water     _ _ trace 

Distillate  up  to  206°   C _ 8.8 

205-255°    C.    - - -  89.1 

256-296°    C _.  18.7 

295-820°    C - 8.2 

820-860°    C 16.6 

Residue    _ __ 14.1 

Loss    _ 0.1 

ToUl 100.0 

Index  of  refraction  values  ranges  between  1.6786  and  1.6190. 

University  of  Minnesota  Agricultural  Experiment  Station, 

ZUMRRA    HBIQHTS.    MINN. 

Creo9ote. 

Specific  srravity  at  60°    C 1.0656 

Per  cent. 

Water     0.4 

Distillate  up  to  205°  C _ 14.6 

206-266°    C 86.2 

255-296°    C 9.0 

296-820°    C 6.8 

Residue    86.2 

Low    - 0.4 

Total _ _ _  100.0 

Index   of    refraction   values    ranges    between    1.6882    in    frac- 
tion 226°  C.  to  286°  C,  to  1.6158  in  fraction  296°  C.  to  806°  C. 

WaUr^oB  Tar, 

Specific  gravity  at  60°   C _ 1.1456. 

,„  Per  cent. 

Water     2  6 

Distillate  up  to  206°  C _ 1.6 

206-265°   C Ill  18.2 

255-296°  C 6  6 

296-820°   C _ "     "  "     6*2    • 

820-850°   C "TI  17.3 

Residue    _ 52.3 

Lo" - 0.2 


Total. 


100.0 


The  index  of  refractions  varies  from  1.5984  in  fraction  226° 
C.  to  286°  C,  to  1.6174  in  fraction  295°  C.  to  305°  C. 
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The  President:  Gentlemen,  if  there  are  any  questions  Mr.  Hunt 
will  be  very  glad  to  answer  them.  If  not,  we  will  proceed  to  the 
next  paper  which  is  "Perforated  Butt-Treated  Poles/'  by  Mr. 
W.  M.  Leavitt. 

Mr.  W.  M.  Leavitt:  Mr.  President  and  Gentlemen,  I  notice  it 
is  "perforated"  cedar  poles;  we  call  them  "punctured"  cedar  poles. 
We  only  puncture  the  sapwood  and  do  not  perforate  the  pole.  I 
do  not  know  how  much  you  people  know  about  the  cedar  pole  indus- 
try. It  is  not  a  very  big  industry,  but  we  cover  quite  a  little  bit  of 
territory.  In  order  that  one  understands  why  we  have  built  this 
machine,  and  why  we  are  perforating  our  poles,  I  want  to  give  them 
a  little  history  of  the  cedar  pole  business. 

PERFORATED  BUTT-TREATED  POLES 
By  W.  M.  Leavitt 

Western  red  cedar  is  recognized  by  all  competent  authorities  as 
one  of  the  most  durable  woods  grown  in  the  United  States.  Poles 
made  from  this  timber  have  established  for  themselves  a  most 
enviable  reputation.  They  are  straight,  light  in  weight,  have  a 
uniform  taper,  are  free  from  large  knots,  cut  faces  and  other  un- 
sightly features. 

Evidence  of  the  recognition  western  red  cedar  poles  have  received 
is  shown  by  the  fact  that  during  the  year  1919  these  poles  were 
shipped  into  every  State  in  the  United  States,  excepting  Florida, 
Maryland  and  Delaware,  and  into  every  Province  in  Canada  border- 
ing the  United  States,  excepting  Nova  Scotia  and  New  Brunswick. 
This  extensive  distribution  has  necessarily  brought  us  into  compe- 
tition with  every  kind  of  wood,  steel,  and  cement  poles.  The  busi- 
ness men  engaged  in  this  industry  have  recognized  more  and  more 
each  year  that  the  best  way  to  meet  this  competition  is  to  give 
more  value  for  a  dollar  than  their  competitors  can  deliver.  The 
recognition  of  this  fact  has  resulted  in  a  more  careful  selection  of 
the  cedar  timber  to  be  used,  better  methods  and  better  supervision 
of  the  manufacture  of  the  product,  and  a  more  careful  inspection 
of  the  poles  before  loading  on  cars,  and  last,  but  not  least,  a  careful 
study  of  the  possibilities  of  increasing  the  life  of  the  pole  by 
butt-treating. 

Everyone  here  is  probably  more  or  less  familiar  with  the  develop- 
ment of  the  open-tank  method,  but  I  am  going  to  take  the  liberty 
of  reviewing  the  prog^ress  made  during  the  past  15  years  in  the 
treatment  of  western  red  cedar  poles. 

I  believe  that  the  first  commercial  plant  for  open-tank  treatment 
of  poles  was  constructed  at  the  Minnesota  Transfer,  about  15  years 
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ago.  Since  that  time  a  large  number  of  plants  have  been  con- 
structed, and  I  believe  I  am  safe  in  estimating  that  at  least  50% 
of  the  poles,  30  ft  and  longer,  are  butt-treated  today  before  being 
set.  Some  of  the  first  plants  constructed  were  very  crude  affairs. 
About  8  years  ago  I  constructed  a  plant  at  Libby,  Montana.  This 
consisted  of  a  steel  tank,  5  ft.  in  diameter,  set  in  the  ground,  with 
an  improvised  fire-place  under  it.  This  plant  cost  about  $350.00 
complete,  and  was  used  to  treat  several  thousand  pales,  giving 
them  a  15  minute  bath  in  oil  heated  from  112**  to  130**  F. 

The  short-time  treatments,  regardless  of  the  equipment  used,  re- 
sulted in  practically  no  penetration  on  most  of  the  poles,  and  in  no 
case  was  the  penetration  sufficiently  deep  to  be  any  insurance 
against  abrasions  or  checks  occurring  after  treatment. 

About  5  years  ago  what  is  now  known  under  the  Western  Red 
Cedar  Association's  specifications,  as  *'B"  treatment,  was  put  on 
the  market.  This  treatment  consists  of  immersing  the  poles  for 
from  4  hours  to  12  hours  in  oil  heated  to  from  112**  to  130**  F., 
followed  by  cold  oil  for  from  2  hours  to  6  hours.  A  large  per- 
centage of  the  seasoned  poles  treated  by  this  method  showed  a  very 
satisfactory  penetration,  but  it  was  found  by  experience  that  no 
matter  how  well  seasoned  the  poles  were  a  certain  number  of  them 
could  not  be  given  a  satisfactory  treatment. 

During  the  last  18  months,  due  to  an  increased  volume  of  business 
and  difficult  producing  conditions,  there  have  been  practically  no 
poles  available  for  treatment  that  have  been  cut  over  12  months. 
We  found  that  even  an  hour's  immersion  in  the  hot  oil  would  not 
discolor  a  large  percentage  of  these  comparatively  green  poles,  and 
that  after  6  hours  in  hot  and  4  hours  in  cold  oil  only  a  small  per- 
centage of  this  class  of  poles  showed  a  penetration  exceeding  %  inch. 

About  3  years  ago  one  of  our  members  conceived  the  idea  of  se- 
curing a  penetration  by  puncturing  the  sapwood  of  the  poles  with 
short  steel  points.  He  used  a  rubber  belt  8  inches  wide  and  3  ft. 
long,  and  arranged  the  points  so  that  a  perfect  penetration  would 
be  obtained  if  the  oil  traveled  lengthwise  of  the  poles  2V2  inches, 
and  crosswise  %  inch.  This  was  a  distinct  improvement,  and  since 
that  time  a  number  of  the  treating  plants  have  been  puncturing 
all  poles  that  they  have  treated  by  the  "B"  method.  Difficulty  was 
experienced,  however,  in  getting  a  sufficiently  deep  puncture  as  the 
points  had  to  be  driven  in  with  wooden  hammers,  and  as  this  work 
was  done  by  hand  there  was  no  assurance  that  the  work  was  being 
properly  performed. 

About  2  years  ago  we  shipped  into  the  Sandpoint  treating  plant, 
for  experimental  purposes,  1  carload  of  green  poles,  1  carload  of 
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poles  that  had  been  seasoned  12  months,  and  1  carload  of  poles  that 
had  been  seasoned  over  2  years.  A  number  of  the  members  of  our 
Association  who  were  interested  in  treating  spent  nearly  a  week 
at  Sandpoint  on  these  experiments. 

The  results  of  these  experiments  may  be  summarized  as  follows: 

(1)  If  the  sapwood  was  properly  punctured  a  full  sap 
penetration  could  be  obtained  in  either  a  green  or  a  sea- 
soned pole. 

(2)  It  was  impossible  by  the  use  of  steel  points  in  a 
belt  to  puncture  the  sapwood  of  a  pole  in  a  proper  and 
uniform  manner. 

(3)  Where  poles  were  not  punctured  there  was  no  uni- 
formity of  results  on  either  seasoned,  partly  seasoned,  or 
green  poles.  A  considerable  difference  in  the  depth  of 
penetration  obtained  was  often  found  on  the  same  pole. 
Very  few  of  the  green  poles,  or  poles  cut  12  months,  or 
less,  showed  a  penetration  of  over  %  inch. 

It  was  evident  that  if  we  were  to  get  a  satisfactory  penetration, 
a  machine  must  be  built  that  would  secure  for  us  the  following 
results : 

(1)  Any  depth  of  puncture  desired. 

(2)  Any  desired  spacing  of  the  puncture  points. 
These  were  particularly  important  m  order  that  the  wood 
fiber  be  lacerated  as  little  as  possible,  and  at  the  same 
time  secure  a  complete  impregnation. 

(3)  Mechanically  operated  so  as  to  be  as  free  as  possi- 
ble from  human  error  and  inefficiency. 

We  got  our  machine  in  operation  about  May  1,  1920,  and  since 
that  time  practically  all  poles  treated  at  the  Sandpoint  plant  by 
the  ''B''  method  have  been  punctured  with  this  machine.  We 
found,  however,  that  a  number  of  improvements'  must  be  made, 
and  immediately  started  building  another  machine  which  we  got 
into  operation  about  November  1. 

The  puncturing  is  done  by  42  iron  bars,  4H  ft.  long,  3  inches 
wide,  and  %  inch  thick,  weighing  approximately  37  lbs.  each. 
Each  bar  is  equipped  at  the  bottom  end  with  a  detachable  point 
holder  so  that  the  depth  and  the  spacing  of  the  puncture  can  be 
regulated. 

Each  bar  works  independently  of  all  the  other  bars,  in  order  to 
take  care  of  the  irregularities  of  the  pole.  These  bars  are  raised 
by  cams  and  drop  by  gravity.  The  machine  is  constructed  so  that 
the  operator  can  regulate  the  distance  the  bars  drop  by  simply 
raising  or  lowering  the  hoist  on  which  the  pole  rests.  The  pole  is 
transported  under  the  bars  by  live  rolls  and  then  raised  into  posi- 
tion by  hoists.    On  the  first  machine  the  part  of  the  pole  that  was 
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to  be  punctured  was  supported  by  2  wheels,  24  inches  in  diameter, 
and  4  inches  wide.  We  found  that  the  weight  of  the  bars,  approxi- 
mately 1,500  lbs.,  dropping  on  so  small  a  bearing  surface  had  a 
tendency  to  break  down  the  sapwood.  In  building  our  new  machine 
we  overcome  this  difficulty  by  replacing  these  wheels  by  2  oscillat- 
ing wheels,  24  inches  in  diameterr  and  18  inches  wide.  These 
wheels  are  constructed  so  that  no  matter  what  position  the  pole  is 
in,  or  what  taper  it  may  have,  it  will  have  a  full  18-inch  bearing 
surface. 

At  the  |>re8ent  time  we  are  using  chisel-shaped  points  H  inch 
long,  spaced  so  that  if  the  oil  travels  IH  inches  lengthwise  of  the 
pole  and  %  inch  crosswise,  a  complete  penetration  will  be  obtained. 
We  used  on  our  first  machine  the  same  spacing  that  was  used  on 
thebeh. 

Careful  observation  during  the  past  8  months  would  indicate 
that  the  spacing  should  be  regulated  by  the  amount  of  free  oil  it  is 
desired  to  inject  into  the  average  pole,  assuming,  as  I  think  we  can, 
that  weather  conditions  and  the  question  of  whether  poles  are 
seasoned,  partly  seasoned,  or  green,  will  be  taken  care  of  by  the 
duration  of  treatment. 

It  is  impossible  by  this  method  to  put  a  given  amount  of  oil  into 
a  certain  area  of  sapwood.  One  pole  may  have  only  a  slight  im- 
pregnation, which  may  not  be  visible  for  several  weeks,  while 
another  pole  in  the  same  treatment,  or  the  opposite  side  of  the 
same  pole,  may  be  saturated  at  the  end  of  the  treatment.  It  is  not 
unusual  to  find  in  the  unpunctured  area  a  complete  sap  penetra- 
tion on  one  side  of  the  pole  and  less- than -^  inch  on  the  opposite 
side. 

During  the  month  of  December  we  shipped  into  the  plant  for 
experimental  purposes  a  carload  of  green  poles.  Most  of  these 
poles  were  given  a  10-hour  treatment,  6  hours  hot  and  4  hours  cold. 

We  tested  all  of  these  poles  with  an  increment  borer,  and  then 
sawed  and  split  up  the  treated  area  of  eight  of  them.  Not  one  of 
the  poles  that  was  tested  showed  any  penetration  whatever  in  the 
unpunctured  area.  The  poles  that  were  split  showed  that  the  oil 
had  not  traveled  to  exceed  H  inch  from  the  puncture  at  the  time 
they  were  taken  from  the  treating  tank.  The  poles  that  were  split 
were  shipped  into  Spokane,  and  placed  in  my  basement  for  ob- 
servation. We  found  that  there  was  no  uniformity  in  the  travel 
of  the  oil  from  the  puncture  holes.  In  sections  of  seme  poles  the 
oil  traveled  as  much  as  12  inches  lengthwise  of  the  pole  in  24  hours, 
and  in  1  case,  over  2  ft.  in  2  weeks,  while  in  another  section  of  the 
same  pole  it  did  not  average  2  inches  a  week.    We  were  unable  to 
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observe  any  difference  in  the  rate  of  travel,  whether  the  oil  was 
moving  toward  the  top  or  toward  the  bottom  of  the  pole. 

The  time  at  which  a  complete  impregrnation  may  be  observed 
varies  from  the  time  the  pole  is  removed  from  the  treating  tank 
up  to  2  months  after  the  time  of  treatment.  In  a  properly  punc- 
tured pole,  we  have  not,  however,  had  a  single  instance  where  we 
did  not  eventually  secure  a  complete  impregnation  to  the  depth  of 
the  puncture,  providing  the  puncture  did  not  enter  the  heartwood. 

It  remains  for  us  to  decide  what  depth  of  penetration  is  neces- 
sary or  desirable,  and  the  amount  of  free  oil  we  should  put  into  the 
average  pole.  When  we  decide  these  questions  I  believe  we  shall 
be  able  to  determine  the  length  of  point  and  what  spacing  is  best 
to  use. 

We  have  every  reason  to  beheve  that  the  building  of  this  ma- 
chine represents  a  long  step  forward  in  the  preservation  of  cedar 
poles,  and  in  order  that  you  may  have  a  better  understanding  of 
its  operation,  we  are  pleased  to  show  you  some  moving  pictures  of 
our  plant  at  Sandpoint,  which  were  taken  the  first  of  this  month. 

(Mr.  Leavitt  then  showed  a  number  of  lantern  slides.) 

Mb.  W.  M.  Leavitt:  If  I  can  give  you  any  additional  informa- 
tion I  will  be  glad  to  do  so. 

Mr.  C.  M.  Sforley:  May  I  ask  Mr.  Leavitt  a  question?  Re- 
ferring to  the  temperatures  in  the  first  part  of  his  paper  he  men- 
tioned 112**  to  130°. 

Mr.  W.  M.  Leavitt:     I  just  made  an  error  of  a  hundred  degrees. 

The  President:  We  will  have  the  next  item  on  the  program, 
"Wood  Preservation  as  a  Conservation  Policy,"  by  Walter  Buehler, 
illustrated  by  motion  pictures. 

WOOD  PRESERVATION  AS  A  CONSERVATION  POLICY. 
By  Walter  Buehler 

High-priced  lumber,  poor  in  quality  and  hard  to  get,  is  the  goal 
toward  which  we  are  surely  driving.  In  recent  years  danger  sig- 
nals have  appeared  along  the  road,  only  to  be  in  a  large  measure 
ignored. 

That  we  are  rapidly  using  up  all  standing  timber  is  a  truth  that 
can  no  longer  be  decried  nor  ignored.  This  need  not  be  alarming 
if  proper  steps  are  taken,  not  only  to  protect  our  present  stands 
of  timber  from  fire,  not  only  by  embarking  on  a  comprehensive 
plan  of  reforestation,  but  also  by  conserving  what  we  have.  In 
fact,  it  is  only  by  the  proper  coordination  of  all  3  of  these  factors 
that  real  beneficial  results  will  follow. 


Digitized  by  LjOOQ IC 


American  Wood-Preservers'  Assocution      429 

To  the  wood-preserving  industry  conservation  appeals  more 
directly  than  do  the  other  factors,  as  it  is  in  this  phase  of  th^ 
question  that  wood  preservation  plays  a  most  important  part. 
Strange  as  it  may  seem,  this  relationship  is  not  generally  recogr 
nized  by  the  public  at  large. 

There  has  recently  been  published  two  reports,  both  by  the  Forest 
Service  of  the  United  States  Department  of  Agriculture.  One  is 
entitled  "Timber  Depletion,  Lumber  Prices,  Lumber  Exports  and 
Concentration  of  Timber  Ownership,"  and  is  a  report  on  Senate 
Resolution  No.  311.  The  other  is  entitled  "Timber  Depletion  and 
the  Answer."  Both  of  these  reports  go  into  the. timber  problem 
and  its  answer  in  great  detail,  but  neither  contains  one  single  word 
about  wood  preservation,  notwithstanding  the  fact  that  authorities 
have  from  time  to  time  pointed  out  that  application  of  efficient 
protective  measures  to  structural  timber  will  substantially  de- 
crease the  drain  on  our  forests,  and  it  is  a  known  fact  that  before 
the  war  French  forests  were  still  furnishing  about  3,000,000  ties 
annually.  Weiss,  in  his  book  on  wood  preservation,  estimates  that 
an  annual  output  of  140,000,000  cubic  feet  of  preserved  wood  is 
equivalent  to  the  amount  of  wood  produced  annually  by  about 
12,000,000  acres  of  average  American  forests  alone,  and  if  waste  is 
taken  into  consideration  represents  a  protection  given  to  the  annual 
output  of  over  25,000,000  acres. 

Ovid  M.  Butler,  in  a  recent  article  dealing  with  forest  conserva- 
tion, stated: 

"Since  we  are  considering  the  general  subject  of  making  timber 
last  longer,  it  is  perhaps  proper  to  mention  first  the  possibilities 
of  timber  preservation.  Of  ties  alone  the  railroad  and  electric  lines 
of  this  country  use  approximately  120,000,000  a  year,  of  which 
about  28%  are  treated.  The  averag^e  life  of  a  railroad  tie,  properly 
treated,  is  15  years;  of  an  untreated  tie,  about  7%  years.  If  all 
ties  were  treated,  the  average  consumption  would  thus  be  reduced 
one-half  or  to  42,500,000  ties,  a  saving  of  over  1,500,000  board  feet" 

In  its  report  of  1920  the  tie  committee  of  the  American  Railway 
Engineering  Association  estimates  the  saving  would  be  somewhat 
greater,  or  about  2,000,000,000  board  feet. 

"Railroad  ties,  however,  are  not  the  only  wood  products  subject  to 
profitable  preservation  treatment.  If  we  include  in  addition  poles, 
posts,  piles,  mine  props,  shingles  and  lumber  used  under  conditions  much 
subject  to  decay,  the  annual  savins  by  the  application  of  efficient  pre- 
servative practice  would  amount  to  some  six  billion  board  feet.  It  is  too 
much  to  expect  of  human  nature  that  every  stick  of  timber  which  tech- 
nically ouffht  to  be  treated  will  be  treated,  but  it  is  within  the  realm  of 
reason  to  save  some  four  billion  or  five  billion  feet  of  timber  by  extendins 
standard  treating  practice." 
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The  rate  at  which  our  forests  are  being  used  up  might  well  be 
given  serious  consideration.  W.  B.  Greeley,  forester,  in  his  sum- 
mary of  the  report  on  timber  depletion  and  related  subjects,  pre- 
pared in  response  to  Senate  Resolution  No.  311,  makes  this 
statement: 

"The  euttingr  and  Ion  of  merehantable  timber  oonsumes  about  fifty-six 
billion  feet  yearly.  About  forty  billion  feet  of  this  amount  is  cut  from 
the  virvin  fortsts  still  left,  the  rest  from  second  growth.  We  are  even 
cutting  into  pulp  wood,  acid  wood  and  fuel,  fourteen  biUion  cubic  feet  per 
year  of  material  too  small  for  sawingr.  AU  told,  we  are  taking  about 
twenty-six  billion  cubic  feet  of  material  out  of  our  forests  every  year  and 
ffrowins  about  six  billion  feet  in  them.  We  are  cutting  more  of  every 
class  of  timber  than  we  are  growing.  We  are  even  using  up  the  trees  too 
small  for  the  saw-mill,  but  upon  which  our  future  timber  supply  depends, 
three  and  one-half  times  as  fast  as  they  are  being  produced.  Our  annual 
wood  bill  includes  forty  billion  feet  of  lumber,  eighty-seven  million  hewed 
railroad  ties,  nearly  five  and  one-half  million  cords  of  pulp  wood,  one- 
third  of  which  is  imported,  and  one  hundred  and  ten  million  cords  of  fueL 

"This  use  of  wood  cannot  be  appreciably  reduced  without  serious  injury 
to  agriculture,  home  building  and  the  manufacturers  of  the  United 
States.  The  pressure  of  war  brought  our  per  capita  consumption 
of  timber  down  to  three  hundred  board  feet  yearly  and  the  country  has 
suffered  from  it  in  the  shortage  of  dwellings  and  the  curtailed  output  of 
many  industries.  Even  with  the  large  allowance  for  substitution  of 
other  materials,  the  United  States  will  require  at  least  thirty-five  billion 
feet  of  lumber  yearly,  aside  from  numerous  quantities  of  wood  pulp  and 
other  products  of  the  forest.  We  cannot  cut  our  per  capita  use  of  lumber 
to  one-half  or  one-third  the  present  amount,  to  the  level  of  European 
countries  where  lumber  is  an  imported  luxury,  if  our  resources  are  to  be 
developed  and  our  industrial  supremacy  retained,  and  we  must  ourselves 
grow  the  great  bulk  of  the  wood  we  need,  for  large  increases  in  lumber 
imports  are  not  possible  at  reasonable  prices." 

From  the  same  report  referred  to  above  we  find  that  timber  in 
the  form  of  lumber,  ties,  mine  timber,  fencing,  poles,  piling  and 
shingles  removed  each  year  from  the  forests  of  the  United  States 
amounts  to  approximately  3,000,000,000  cubic  feet  of  hardwoods, 
and  9,000,000,000  cubic  feet  of  softwoods,  a  total  of  12,000,000,000 
cubic  feet.  Assuming  that  only  one-half  of  this  amount  is  adapt- 
able to  treatment,  then  in  the  year  1914,  which  represents  the 
largest  output  of  the  wood-preserving  industry,  we  treated  only 
159,000,000  cubic  feet,  or  approximately  2H%  of  the  assumed  treat- 
able material.  In  1919  this  was  even  less,  the  percentage  being  only 
about  2%. 

What  is  the  answer?  The  question  might  well  be  asked.  Why 
are  these  facts  not  better  known  to  the  American  public?  Does 
the  wood-preserving  industry  lack  the  punch  necessary  to  drive 
home  the  fact  that  as  an  industry  it  is  part  and  parcel  of  any 
program  to  conserve  our  future  timber  supply?  I  was  much  amused 
by  a  newspaper  clipping  reporting  a  recent  meeting  of  the  Society 
of  American  Foresters  in  New  York  City,  and  undoubtedly  incor- 
rectly reporting  it.    It  ran  as  follows : 

"Foresters  tell  plans  to  avert  wood  famine.  All  wood-using  trade 
associations  and  forestry  organisations  have  joined  in  a  campaign  to 
save  the  nation's  forests  and  obtain  legislation  to  avert  the  famine 
threatened    in   paper   and  lumber    industries.    The   Society   of   American 


Digitized  by  LjOOQ IC 


American  Wood-Preservers'  Association      431 

Foresters,  foremost  in  forestry  orsanixation  and  investigation,  and  com- 
posed entirely  of  practical  foresters,  state  and  federal,  held  its  annual 
meeting  at  the  Yale  Club  in  West  Forty-fourth  Street  yesterday.  The 
main  topic  of  discussion  was  how  waste  products  of  lumber  could  be 
handled  to  the  greatest  advantage  and  what  substitutes  could  be  used  for 
lumber.  Usingr  more  steel  for  construction  purposes  than  is  used  at 
present  was  one  proposal  for  lumber  saving  which  had  general  support." 

In  other  words,  the  way  to  save  our  timber  is  not  to  use  it.  We 
must  admit,  and  any  reasonable  man  will  agree  with  the  general 
proposition,  that  substitution  of  cement,  clay,  and  steel  for  wood  in 
some  classes  of  structure  is  desirable.  But,  to  advocate  general 
substitution  of  these  materials  as  the  remedy  for  the  present 
forestry  situation  is  absurd.  Those  of  you  who  know  anything 
about  the  propaganda  that  has  been  and  is  being  spread  by  the 
lumber  substitute  manufacturers  will  readily  realize  the  danger 
to  the  lumber  industry  and,  incidentally,  to  the  wood-preserving 
industry  potential  in  educating  the  public  to  the  use  of  substitutes 
as  a  conservation  measure. 

Right  along  this  same  line  I  had  occasion  a  few  months  ago  to 
discuss  depreciation  charges  on  pole  lines  with  the  chief  engineer 
of  the  Public  Utilities  Commission  of  one  of  the  Central  States. 
He  made  this  very  interesting  statement, — ^he  said  that  he  ap- 
preciated the  fact  that  treated  poles  outlasted  the  untreated  and, 
therefore,  merited  consideration  when  depreciation  values  were 
being  determined,  but  this  fact  was  being  ignored  for  the  reason 
that  concrete  poles  were  rapidly  substituting  wood  poles. 

I  feel  that  the  wood-preserving  industry  must  awaken  to  the  fact 
that  it  is  no  longer  possible,  or  desirable,  to  talk  and  think  of  pre- 
serving wood  in  terms  of  ties,  paving  blocks,  piling,  poles  and  struc- 
tural timbers.  We  must  get  down  to  the  commonplace  uses  in 
small  quantities  by  every  user  of  wood,  whether  he  buys  by  the 
piece  or  by  the  carload  when  such  wood  is  to  be  used  in  an  environ- 
ment favorable  to  decay.  Unfortunately,  the  present  location  of  our 
available  saw-mill  timber  makes  such  distribution  difficult.  Mr. 
Greeley  has  stated  that  not  only  is  the  quantity  of  timber  left  in 
the  United  States  being  used  up  much  more  rapidly  than  wood  is 
being  grown,  but  the  availability  of  the  remaining  timber  to  the 
average  consumer  is  steadily  decreasing. 

Wood  preservation  can  only  be  of  maximum  service  to  the  con- 
sumer when  all  treatable  wood  is  being  treated,  and  we  must  recog- 
nize that  in  order  to  approximate  this  Utopian  ideal,  all  preserva- 
tives of  merit  and  all  methods  of  application  have  their  proper 
field.  It  is  not  necessary  for  me  to  point  out  to  this  gathering  that 
the  non-pressure  processes,  surface-treatments  and  the  open-tank 
processes,  are  in  no  wise  a  substitute  for  pressure  processes,  but  I 
do  wish  to  make  the  point  that  to  be  of  maximum  service  to  the 
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industry  we  must  recognize  that  all  of  the  processes  are  necessary 
for  its  rapid  and  ultimate  development. 

We  have  on  the  progn^am  of  this  convention  papers  on  fence  posts, 
silos,  poles,  wood  conduits,  mine  timbers,  in  addition  to  the  usual 
discussion  on  ties,  piling  and  paving  blocks,  a  much  more  diversi- 
fied program  than  this  Association  has  ever  had  before.  And  we 
must  not  be  content  to  stop  here.  This  Association  has  a  duty  to 
perform  and  that  is  to  so  standardize  all  processes  and  preserva- 
tives and  so  clearly  set  forth  the  field  of  each  that  its  Proceedings 
and  Manual,  if  one  is  ever  published,  will  be  a  source  of  informa- 
tion, not  only  for  the  large  consumer  but  the  small  one  as  well. 

The  increasing  use  of  wood  preservation  by  the  large  consumers 
will  no  doubt  serve  to  popularize  it  with  the  small  consumer,  but 
unless  the  small  consumer  can  find  a  source  of  reliable  information 
much  of  the  wood  he  treats  will  be  a  disappointment  to  him,  to  say 
nothing  of  the  money  loss  and  the  creation  of  a  knocker  instead  of 
a  booster. 

This  Association  can  and  should  be  the  fountain  head  from  which 
all  information  on  wood  preservation  should  spring. 

The  President:  Are  there  any  questions  that  anyone  would 
like  to  ask  Mr.  Buehler? 

Mr.  J.  H.  Waterman:  You  have  noticed  I  have  been  very  quiet 
in  this  Convention  so  far,  but  I  want  to  talk  just  a  minute  or  two 
if  the  Chair  will  bear  with  me  on  the  subject  that  is  before  us. 

I  admire  Mr.  Barth  and  my  friend  Buehler  here,  but  I  do  not 
go  with  them — I  am  not  going  all  the  way  with  them.  Men,  this  is 
a  great  age  and  men  want  something  quick.  The  world  moves  fast, 
and  as  the  Scotchman  said:  "You  can  nae  get  something  for  nae- 
thin'."  Now,  these  beautiful  pictures  we  have  had  on  the  screen  of 
what  can  be  done  with  a  dipping  process  is  mighty  near  getting 
something  for  nothing.  I  was  delighted  last  night  when  Mr.  Hor- 
rocks  got  up  and  defended  the  creosote  treatment,  or  the  pressure 
treatment.  I  was  delighted  with  the  way  he  went  after  the  concrete 
man,  and  if  the  concrete  man  is  here  I  am  with  Mr.  Horrocks.  The 
concrete  man  said  something  like  this,  that  a  man  with  big  nails  in 
his  shoes  or  an  axe  on  a  raft  could  walk  over  the  piling  and  could 
perforate  or  punch  through  the  treated  part  of  the  piling,  and, 
therefore,  the  borers  could  have  plenty  of  opportunity  to  work. 
Mr.  Horrocks  defended  it,  and  he  defied,  or  challenged,  this  bunch 
of  men  with  the  number  of  piling  they  treated  in  the  past  few  years. 

Just  a  few  days  before  I  left  a  man  came  to  our  plant,  and  he 
says,  "We  want  to  find  out  what  is  the  matter."  He  said,  "We 
are  treating  (and  I  will  not  tell  you  where  it  was;  you  can  guesa 
it  is  in  the  far  East,  because  men  do  not  come  from  the  West  to 
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the  East  to  learn,  they  keep  going  West)  and  we  are  having  diffi- 
culty with  our  treated  material.  We  find  some  of  our  ties  which 
are  treated  only  give  2  years'  life."  Now  what  is  the  matter?  Im- 
proper treatment,  and  I  want  to  emphasize  to  this  convention  first, 
last  and  all  the  time,  that  this  hurry-up  business  I  am  opposed  to. 
It  is  all  right  to  say  we  want  good  treatment.  That  is  not  all;  we 
want  better  treatment  You  men  that  are  engineers — I  am  not — 
you  always  want  what  is  called  a  factor  of  safety.  Someone  said 
some  years  ago — I  think  the  Forest  Laboratory — ^that  %  lb.  of 
zinc  chloride  per  cubic  foot  would  prevent  fungus  growth  in  timber. 
That  is  true,  I  presume.  I  am  not  going  to  deny  it,  but  where  is 
your  factor  of  safety?  We  have  learned  from  experience  that  it  is 
not  safe  to  put  in  ^  lb.  of  zinc  chloride  per  cubic  foot  and  expect 
your  tie  will  give  service. 

Now,  I  have  no  objection  to  the  open-tank  treatment.  I  have  no 
objection  to  the  brush-treatment.  I  have  no  objection  to  the  spray- 
treatment,  but,  men,  is  it  treatment?  Remember  what  you  are 
getting.  Some  of  you  men  are  going  home  and  these  Proceedings 
are  going  out  through  the  length  and  breadth  of  this  great  United 
States,  and  your  operating  officers  are  going  to  say  to  you:  "You 
take  4,  5,  6,  7,  8,  9  hours  to  treat  a  single  charge,  where  all  you 
have  got  to  do  is  to  take  a  tank  and  put  in  a  dozen  ties  with  a  crane 
and  lift  them  out,  and  away  she  goes."  I  am  opposed  to  it — I  am 
opposed  to  it  first,  last  and  all  the  time.  I  want  the  best.  Why  do 
we,  when  we  go  and  buy  a  hat,  if  we  want  a  real  good  one,  say  we 
want  a  Stetson  hat?  Because,  it  has  a  reputation,  and  if  you  buy 
a  Stetson  hat  you  get  a  hat.  Why  is  it  that  when  you  want  a  real 
good  saw  you  go  and  get  a  Disston  saw?  I  am  not  advertising 
either  one  of  these  men,  but  when  I  was  a  little  boy  we  bought  that 
saw  and  that  saw  is  on  the  market  today.  Men,  the  pressure  treat- 
ment will  be  on  the  market  when  the  dipping-treatment  will  be  in 
the  grave. 

Now,  I  may  stand  alone.  You  can  laugh  at  me  if  you  want  to, 
but  I  want  to  emphasize  it.  Is  this  convention  going  to  endorse 
emphatically  without  anyone  except  Waterman  saying  a  word 
against  this  open-tank  treatment?  I  am  opposed  to  it.  I  think  I 
have  made  it  clear  to  you  that  I  am  opposed  to  it.  [Prolonged 
applause. "i 

Mr.  a.  a.  Brown  :  I  looked  at  those  pictures  with  a  great  deal 
of  interest.  After  very  carefully  treating  some  of  those  timbers  I 
noticed  that  one  of  the  very  thingps  that  I  complained  of  last  night 
occurred  in  the  pictures,  that  timbers  were  treated  in  the  tank  and 
then  they  were  taken  out  from  the  tank  with  ice  hooks  and  a  pike 
pole,   immediately  perforating  the   surface   and   destroying,   very 
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largely,  the  thing  that  you  were  paying  to  have  done.  This  morning 
in  going  over  the  job  where  we  are  driving  creosoted  piles,  I  chanced 
to  see  the  foreman  pile-driver  drive  a  big  spike  into  a  creosoted 
pile.  I  took  him  aside  and  wanted  to  know  what  he  meant.  He  had 
his  instructions  not  to  do  that  sort  of  thing.  He  said  he  was  pulling 
it  down,  and  said  it  was  difficult  to  hold  a  chain  on  and  he  needed  a 
spike  in  it.  He  pulled  the  pile  down  without  and  I  told  him  he 
could  get  his  time  tonight;  we  did  not  want  him  any  longer.  [Ap- 
platue,] 

I  think  there  is  one  thing  that  this  convention  could  do,  and  one 
thing  that  the  American  Wood-Preservers'  Association  ought  to  do, 
is  to  emphasize  the  necessity  of  care  in  handling  treated  materials. 
It  is  a  very  great  mistake  to  put  on  the  screen  examples  of  the  mis- 
use of  treated  timbers  and  show  them  to  the  unsuspecting  public 
when  we  know  better.  Men  are  very  much  like  little  boys.  I  think 
we  are  all  simply  boys  grown  a  little  bigger,  and  we  imitate  the 
'things  we  see  others  do.  If  we  see  such  things  as  that  done  on  the 
screen,  and  the  pictures  will  probably  be  shown  through  the  length 
and  breadth  of  the  land,  they  will  have  a  very  detrimental  influence. 

Next  door  to  us — if  some  of  you  gentlemen  take  that  trip  on 
Friday,  I  would  be  very  glad  to  show  you  piling  that  has  been 
treated  by  the  so-called  ''feather''  method. 

I  will  say  here  I  was  very  much  opposed  to  the  Committee  giving 
any  such  length  of  life  as  6  years  to  the  feather  treatment  of  piling, 
for  it  is  a  makeshift  at  best,  and  I  think  a  very  poor  proposition.  I 
looked  over  some  of  those  that  are  being  treated  by  the  so-called 
feather  method,  and  there  is  scarcely  a  square  foot  of  pile  not 
already  exposed.  They  were  supposed  to  paint  the  pile,  then  put  on 
burlap  and  battens  and  paint  the  battens,  but  it  seems  that  the 
foreman  on  the  job  thinks  he  can  get  along  without  putting  the 
burlap  on  and  all  the  burlap  is  still  stacked  up  there  and  the  piles 
being  treated  without  it.  Now,  the  owner  of  the  piling  is  no  doubt 
feeling  rather  secure  that  he  is  getting  a  creosoted  pile,  a  pile  that 
is  treated.  We  must  view  it,  I  think,  from  the  viewpoint  of  the  lay- 
man. He  does  not  discriminate;  he  does  not  know  enough  about  it. 
He  sees  them  put  on  the  creosote  paint  and  all  the  rest  of  it,  and 
they  tell  him  that  is  a  creosoted  pile.  Now,  he  is  being  ''gyped"; 
such  men  are  being  cheated  out  of  what  they  suppose  they  are 
getting,  so  I  think  we  should  be  very  careful  in  the  presentation  of 
these  makeshift  methods  of  painting  and  spraying  and  all  the  rest 
of  the  information  if  we  are  going  to  get  any  place  with  the  treat- 
ment of  timber.  I  believe  we  are  going  to  get  there  sooner  by 
doing  first-class  and  high-grade  work — work  by  all  means  above 
reproach  and  approaching  perfection  as  nearly  as  possible. 
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If  there  is  any  criticism  that  I  have  aimed  toward  the  creosoted 
pit^  it  is  with  the  idea  that  we  are  going  to  get  perfection  in  so  far 
as  that  is  possible.  I  left  a  sample  of  one  of  many  piles  that  we 
have  cut,  and  found  it  to  be  imperfect,  on  the  table  outside.  It 
shows  one  of  the  complaints  that  was  made  last  night  where  the 
penetration  in  small  spots  is  but  %  inch  to  3/16  inch.  Unfortunately, 
that  part  of  the  pile  is  always  on  top  of  the  water  when  in  the  boon, 
and  is  always  exposed  to  damage.  We  should  aim,  I  believe,  at  a 
higher  grade  of  treatment,  a  more  thorough  treatment,  no  make- 
shifts.   Makeshifts  should  not  be  condoned. 

The  other  thing  that  has  impressed  me  in  so  far  as  I  was  able  to 
attend  these  meetings,  is  the  absence  of  papers  on  the  cheapening 
of  the  process  making  it  more  possible  for  the  public  to  adopt  the 
treatment  of  timbers,  and  I  believe  this  Association  could  with 
profit  set  aside  all  commercial  interests,  but  all  joining  hands  in 
a  very  thorough  investigation  of  methods  which  would  tend  to 
cheapen  and  at  the  same  time  be  more  thorough.  I  have  been  im- 
pressed by  the  tremendous  amount  of  brute  strength  that  is  appar- 
ently used  in  these  plants.  It  can,  I  believe,  be  made  a  great  deal 
automatic,  and  consequently,  a  great  deal  more  thorough,  find  that 
would  seem  to  me  to  be  a  great  fruitful  field  for  future  endeavor. 
[ApplauseJ] 

Mr.  Walter  Buehler:    

The  President:  Just  a  minute  before  I  recognize  you.  I  think 
Mr.  Waterman  in  objecting  to  many  things  did  not  intend  to  object 
to  the  butt-treatment  of  such  pieces  of  timber  as  red  cedar  poles, 
for  which  we  have  never  been  able  to  get  a  better  form  of  treat- 
ment.   Is  that  right,  Mr.  Waterman? 

Mr.  J.  H.  Waterman:     Yes,  sir. 

The  President:  Your  objection  did  not  cover  everything,  only 
certain  things? 

Mr.  J.  H.  Waterman  :     Well,  that  is  all  right.    Go  ahead. 

Mr.  Walter  Buehler:  Gentlemen,  I  am  not  going  to  defend 
the  use  of  hooks  in  creosoted  timiber,  but  if  the  statements  of  Mr. 
Waterman  and  of  the  gentleman  who  has  just  spoken  voice  the  im- 
pression that  this  audience  got  from  my  talk,  then  my  mission 
has  absolutely  failed. 

There  is  a  side  to  this  question  which  has  been  lost  sight  of  by 
the  2  speakers  who  just  commented  on  my  talk.  The  Committee 
on  Economics  in  its  report  yesterday  said  that  there  are  innumer- 
able cases  where  pressure-treatment  for  some  reason  is  either 
impossible  or  inadvisable,  and  the  wood  must  be  either  treated 
by  non-pressure  processes  or  used  without  treatment  of  any  kind. 
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or  replaced  by  some  structural  material.  This  is  especially  true 
in  rural  communities.  Forty-six  per  cent  of  all  structural  \^pod 
used  in  the  country  is  used  on  the  farms. 

I  hope  that  I  did  not  give  the  impression  that  I  am  advocating 
non-pressure  treatments  for  all  uses.  I  thought  I  made  it  per- 
fectly clear  that  we  must  u^e  intelligence  in  the  selection  of  the 
treatment  we  use  on  the  timoer  in  the  environment  in  which  it  is 
going  to  be  placed.  Take,  for  example,  the  farmer  who  uses  a  few 
fence  posts;  who  has  a  few  buildings  where  he  uses  some  wood  in 
contact  with  the  ground  located  in  a  State  where  pressure  treat- 
ment IS  not  available.  Take,  for  example,  a  mine  located  in  a 
district  surrounded  by  timber,  but  where  no  pressure  plant  is 
available,  would  you  advocate  that  in  such  environment  and  under 
such  conditions  that  this  miner  or  this  farmer  or  this  miscellaneous 
user  of  timber  should  put  his  timber  m  untreated?  The  use  of  the 
open-tank  treatment  as  I  see  it  is  simply  a  stepping-stone,  an  edu- 
cational matter.  It  is  bringing  the  necessity  for  preserving  our 
wood  to  the  common  user  of  wood,  and  as  he  becomes  educated,  and 
as  the  economics  of  the  situation  demand,  he  will  buy  pressure- 
treated  timber,  but  you  cannot  jump  that  individual  into  the  use 
of  pressure-treated  material  from  the  untreated  material  he  is 
using  at  the  present  time. 

There  is  another  question.  Those  of  you  who  have  been  using 
creosote  oil  in  the  past  few  years  know  that  it.  has  not  been  as 
available  as  it  should  be  for  the  good  of  the  industry, — a  condition 
entirely  beyond  the  control  of  anyone.  This  is  a  little  aside  from 
the  question,  but  I  want  to  bring  it  up  right  now.  We  will  admit 
and  emphasize  the  economy  in  pressure-treated  timber,  but  I  want 
to  say  that  there  is^a  terrific  waste  of  good  preservative  material 
going  on  in  this  country  right  now  in  the  pressure  plants.  Cross- 
arms  up  in  the  air  on  a  pole  treated  with  12  lbs.  of  oil  to  the  cubic 
foot, — ^is  there  any  justification  for  it?  Is  there  any:  justification 
for  giving  paving  blocks,  used  in  interior  construction,  a  full-cell 
treatment?  Those  are  just  two  examples.  There  are  innumerable 
cases  where  more  preservative  is  used  than  should  be  used. 

I  believe  we  have  to  study  this  question  from  the  economic  side, 
and  when  Mr.  Waterman  says  we  should  use  only  the  best,  we 
should  pick  the  Stetson  hat  and  the  Disston  saw,  we  have  got  to 
use  judgment  in  what  is  the  best  in  the  environment  in  which  it  is 
going  to  be  used.  If  I  am  going  out  into  a  logging  camp  and  saw 
timber  I  am  not  going  to  buy  a  Stetson  hat  to  wear;  I  am  going  to 
buy  the  kind  of  a  hat  that  is  going  to  give  me  the  service  in  the 
environment  in  which  I  am  going  to  use  it.  We  have  to  use  some 
intelligence  in  the  selection  of  our  treatments  and  of  our  preserva- 
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tives,  and  above  all  in  the  application  of  those  preservatives,  irre- 
spective of  the  kind  of  treatment  we  are  going  to  give  the  timber. 
[Applause.} 

Mr.  Carl  G.  Crawford:  Mr.  President  and  Gentlemen,  I  be- 
lieve that  the  brush  treatment  and  the  open-tank  method  have  a 
field.  That,  I  think,  was  pointed  out  quite  clearly  in  the  report  of 
the  Committee  on  the  economy  of  non-pressure  treatment,  but  we 
as  an  Association,  an  Association  which  is  quite  technical  when 
commercial  associations  are  considered,  must  be  very  careful  that 
we  do  not  give  the  wrong  impression  when  we  talk  of  the  super- 
ficial treatments.  As  I  watched  the  pictures  on  the  screen  they 
seemed  to  go  a  good  deal  farther  than  the  remarks  of  Mr.  Buehler 
would  warrant.  We  were  shown  ties  treated  by  the  open-tank 
method.  It  was  pointed  out  that  the  pressure  treatment  is  an  ex- 
pensive method,  but  the  brush  treatment  and  the  open-tank  treat- 
ment were  quite  available. 

I  saw  the  statement  on  the  screen  that  good  treatment  should 
be  used,  therefore,  use  the  open-tank  treatment.  Now,  my  point  is, 
will  those  statements  and  those  pictures  give  the  wrong  impres- 
sion— ^not  to  Mr.  Waterman,  not  to  Mr.  Buehler,  but  to  the  public? 
I  have  run  up  against  this  proposition  a  great  many  times,  that 
your  creosote  oil  is  no  good;  your  treatment  is  no  good.  Why?  I 
ask,  why?  The  answer  is,  we  have  tried  it  out  and  the  timber 
rotted.  I  inquired  into  the  situation  and  found  that  they  had  used 
treatment  by  the  brush  or  open-tank  method  and  then  put  it  in 
places  for  which  it  was  not  fitted  at  all. 

Therefore,  wood  preservation  as  an  industry  got  a  black  eye.  I 
heard  Mr.  Waterman,  our  former  President  of  this  Association, 
say  one  time  that  one  treated  tie  that  has  rotted  will  do  the  in- 
dustry more  harm  than  150,000  well  treated  ties  that  have  lasted 
for  20  years  will  do  it  good.  I  do  not  want  to  be  misunderstood, 
but  I  do  think  that  we  should  be  very  careful  in  this  Association  not 
to  give  the  wrong  impression  when  presenting  pictures  or  discuss- 
ing methods  that  will  give  only  a  superficial  treatment.  We  should 
make  it  clear  that  such  methods  should  be  used  only  where  con- 
ditions will  warrant  them,  and  are  not  to  be  used  where  a  better 
treatment  and  a  deeper  and  more  uniform  penetration  is  required. 

As  I  have  already  said,  I  think  such  methods  have  a  place,  and 
when  well  confined  to  their  proper  place  will  help  our  industry. 
We  should  be  careful  to  make  ourselves  well  understood  regarding 
cheir  intended  use.     [Applause,'} 

Mr.  C.  M.  Taylor:  If  Mr.  Buehler  is  not  convinced  by  this 
time  that  these  pictures  convey  a  false  impression,  I  do  pot  know 
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how  to  put  it  across.  Mr.  Brown,  I  want  to  congratulate  you  for 
coming  here  and  taking  such  an  active  part  in  our  discussion.  A 
lot  of  you  do  not  know  who  Mr.  Brown  is.  Mr.  Hunt  tells  me  just 
now  that  Mr.  Brown  is  one  of  the  most  enthusiastic  investigators  of 
creosoted  piling  in  San  Francisco.  He  goes  down  under  his 
dock  even  at  night;  has  been  there  at  midnight  investigating  the 
work  of  the  marine  borers.  He  is  more  than  a  man  of  average  in- 
telligence by  the  way  he  goes  into  these  investigations.  If  he  is 
wrongly  impressed  by  this  movie  we  have  just  had,  how  will  the 
unsuspecting  public  be  impressed? 

Mr.  J.  H.  Waterman:     The  layman? 

Mr.  C.  M.  Taylor:  Yes.  It  would  be  well  for  them  not  to  use 
those  pictures  again  until  they  are  revised. 

Mr.  J.  IL  Waterman:  I  object  to  those  ties  in  that  motion 
picture.  They  have  gone  the  limit,  and  then  they  have  gone  one 
more.  From  those  pictures  I  get  the  sky  is  the  limit  for  open-tank 
treatment.  Now  Mr.  Buehler  talks  about  the  Stetson  hat.  If  he 
will  go  out  and  ride  on  the  plains  with  a  cowboy  he  will  find  he  has 
a  Stetson  hat.  Why?  Because  he  can  whip  his  horse  with  it;  he 
can  sleep  under  it  and  he  can  put  it  on  his  head  and  keep  the  sun 
off,  because  it  is  the  best  hat  in  the  country.  Now  I  would  like  to 
have  these  men  show  with  the  open-tank  treatment  the  life  that 
they  get  out  of  it.  I  remember  one  time  it  was  necessary  for  me 
to  go  into  a  city  where  there  was  an  epidemic  of  a  contagious 
disease,  and  they  gave  me  a  bath  in  creosote  when  I  went  in  and 
when  I  went  out.  I  said  that  is  what  we  used  to  treat  ties  with.  I 
did  not!  take  the  disease,  but  I  am  sure — I  am  very  sure — that 
those  pictures  shown  to  the  average  laymen  will  startle  them,  and 
they  will  say,  "Why,  look  at  the  money  we  have  wasted!  Why  do 
we  put  so  much  money  in  a  plant  if  we  can  treat  ties  as  nicely  as 
those  appear  to  be  treated?" 

In  Southern  Illinois  there  is  a  fellow  who  has  an  open-tank.  I 
wish  you  could  see  it.  It  is  about  the  length  of  that  table.  He 
buys  all  the  cull  ties  and  worthless  ties  he  can  get  and  dips  them  in 
this  tank  and  ships  them  throughout  the  land  as  treated  ties.  How 
much  longer  do  they  last  because  he  has  treated  them?  They  last 
just  long  enough  for  him  to  get  his  money  for  the  ties  he  has  sold. 
I  still  say,  and  say  emphatically,  we  must  be  careful  what  we  en- 
dorse in  the  open-tank  treatment. 

I  saw  the  moving  picture  of  sills,  car  sills  and  decking  treat- 
ment. How  much  longer  life  do  they  get  because  they  are  treated? 
I  can  show  you  car  sills  and  decking  treated  in  1911  on  the  C,  B. 
&  Q.,  and  not  a  single  piece  has  been  renewed  on  account  of  rot. 
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They  have  been  renewed  because  they  are  broken.  You  mean  to 
tell  me  you  can  do  that  with  open-tank  treatment.  I  do  not 
believe  it. 

Now,  I  believe  the  way  they  are  treating  the  telegraph  poles  is 
all  right.  I  believe  it  is  all  right  to  treat  fence  posts  with  the 
open-tank  treatment,  but  you  have  gone  the  limit,  man.  Where  are 
you  going  to  stop?  The  next  time  we  come  here  we  will  see  a 
great  bridge  treated  with  the  open-tank  treatment,  perhaps.  Why 
not?  Why  not  build  a  bridge  with  fir,  and  then  go  out  and  spray 
it?  How  much  longer  would  it  last?  Just  about  as  much  longer 
as*  it  would  if  you  put  hot  water  on  it^ 

Now,  one  thing  more.  He  speaks  about  cross-arms.  A  man 
came  to  me  and  wanted  to  know  if  we  would  not  treat  cross-arms 
for  him.  I  said :  "What  do  you  want  your  cross-arms  treated  for? 
Your  present  management  will  change  in  15  years,  will  it  not?" 
He  said:  "I  believe  it  will."  "Well,  the  cross-arms  you  have 
(Oregon  fir)  will  last  25  years.    Why  do  you  want  them  treated?" 

The  paving-block  industry  of  this  country  has  practically  been 
ruined,  because  many  of  the  blocks  were  improperly  treated.  I 
can  take  you  to  many  cities  where  the  women  would  mob  you  if 
you  go  there  and  attempt  to  sell  wood-paving  blocks.  Why?  Be- 
cause they  were  improperly  treated. 

Mr.  R.  F.  Hosford:  I  just  want  to  reinforce  one  thing  that  Mr. 
Taylor  started  to  bring  out.  Speaking  not  as  a  layman,  but  more 
or  less  as  an  expert  on  the  brush  treatment — I  think  I  may  claim 
to  be  that — the  spraying  and  brushing  in  the  pictures  gave  me  the 
shivers.  It  ought  to  be  preached  on  such  treatments  that  the  meas- 
ure of  success  is  not  how  much  you  can  cover  with  a  gallon  of 
creosote,  but  how  little.  The  measure  is  the  quantity  of  creosote 
you  get  into  the  wood  on  a  small  area,  not  how  much  area  you 
can  cover. 

And  just  one  other  thing  that  has  come  up  on  the  side  in  the 
discussion,  that  is  the  matter  of  cross-arms  and  treating  them  with 
12  pounds.  The  cross-arms  that  are  treated  with  12  lbs.  are  mainly 
sap  loblolly  pine.  If  anybody  thinks  they  will  last  15  years  if  they 
are  not  treated,  I  think  he  is  mistaken,  and  the  reason  why  they 
get  12  lbs.  is  that  they  have  to  be  made  from  the  green  wood  and 
we  have  not  yet  any  method  of  using  less  than  12  lbs.  of  creosote 
successfully  to  get  the  necessary  penetration. 

Mr.  Walter  Bubhler:  Mr.  President,  I  am  certainly  very 
thankful  for  all  this  instructive  criticism.  I  would  like  to  ask  Mr. 
Waterman  a  question.  If  you  were  operating,  Mr.  Waterman,  a 
railway  located  where  there  is  timber,  but  where  pressure  treat- 
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ment  was  not  available,  would  you  advocate  the  use  of  ties  un- 
treated rather  than  an  open-tank  treatment? 

Mr.  J.  H.  Waterman:  It  all  depends  where  the  ties  are  you 
can  get. 

Mr.  Walter  Buehler:  That  is  the  point.  It  all  depends  on 
where  it  is  located,  and  what  the  conditions  are.  There  are  con- 
ditions where  that  would  be  very  advisable.  There  are  other  con- 
ditions where  it  would  be  extremely  inadvisable. 

Now,  as  to  paving  blocks.  I  want  to  corrrect  the  impression  that 
Mr.  Waterman  has  given  of  the  failure  of  paving  blocks  throughout 
the  country.  I  believe  it  is  a  very  broad  statement  to  say  there 
has  been  a  failure  of  creosoted  blocks  throughout  the  country.  It 
can  be  attributed  more  to  the  method  of  construction  and  the 
misuse  of  those  blocks  after  they  are  received  on  the  job  than  to 
the  character  of  the  treatment  and  character  of  the  preservative 
used  on  the  blocks.  You  have  in  the  city  of  San  Francisco  a  con- 
dition where  paving  blocks  are  in  bad  repute.  I  believe  you  cannot 
blame  the  creosoting  companies  in  this  locality  for  bad  treatment 
for  the  reason  of  those  blocks  being  in  bad  repute.  You  must  blame 
the  engineer;  you  can  blame  this  Association  for  not  educating 
the  engineer  in  the  proper  way  to  use  those  blocks  after  they  are 
treated,  rather  than  to  lay  the  blame  to  improper  treatment  of 
the  block. 

The  President:  Is  there  any  further  discussion?  If  not,  we 
will  ask  Mr.  Taylor  to  read  a  paper  by  Mr.  E.  F.  Hartman  de- 
scriptive of  a  process  used  to  treat  pile  butts  in  place. 

Mr.  C.  M.  Taylor:  This  is  a  paper  that  was  prepared  by 
Ernest  F.  Hartman  of  New  York  to  show  the  possibilities  of  the 
treatment  of  butts  after  driving.  His  origrinal  proposition  was  to 
take  care  of  untreated  piles  that  are  driven  in  fresh-water  and 
that  would  have  probably  6  ft.  or  8  ft.  above  the  water-line  which 
would  be  untreated.  His  idea  was  to  treat  those  butts  down  to  the 
water-line  in  order  to  give  longer  life.  As  it  developed  fur- 
ther he  got  the  idea  that  it  would  be  a  good  proposition  to  use  that 
same  scheme  on  treated  piles  after  they  had  been  cut  off  before  the 
cap  was  placed. 

LOCALIZED  PRESSURE  TREATMENTS 
By  Ernest  F.  Hartman 

"Heads  of  piles  have  necessarily  to  be  cut  off  after  driving.  This 
exposes  the  heartwood,  which  the  creosote  oil  has  not  penetrated." 

This  quotation  from  the  paper  on  "Twenty-three  Years'  Experi- 
ence with  Creosoted  Timber  and  Results,"  by  Mr.  J.  C.  Haugh, 
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presented  at  the  first  annual  meeting  of  this  Association  (1905), 
may  well  serve  as  an  introduction  to  the  subject  of  this  paper. 

In  discussing  another  paper  before  the  American  Society  of  Civil 
Engineers  the  same  author  remarked,  ''the  failures  of  piles  on 
structures  with  which  the  writer  is  familiar  can  be  attributed  to 
neglect  to  protect  the  heads  of  the  piles." 

That  interest  in  the  subject  has  been  growing  will  become  evi- 
dent by  referring  to  more  recent  Proceedings  of  this  Association. 

Mr.  Ridgway  in  his  report  on  creosoted  piling  in  the  Galveston 
Bay  bridge  of  the  Santa  Fe  Railway  states  on  page  195  of  the  1914 
Proceedings,  "sufficient  of  the  butt  of  the  pile  was  cut  off  after 
driving  to  expose  the  untreated  center  of  the  stick,  and  in  con- 
sequence decay  has  started." 

In  the  1915  Proceedings,  on  page  302,  Mr.  Christian  states  ''this 
pile  was  treated  with  12  lbs.  of  oil,  and  if  1^  inches  had  been 
bored  through  the  center  for  12  inches  or  more,  and  this  filled  with 
hot  oil  2  or  3  times  the  first  year,  this  part  of  the  pile  would  have 
been  as  solid  as  the  2  sections,  one  end  view  and  one  standing, 
shown  in  figure  No.  7  which  is  part  of  the  same  pile  at  the 
mud  line." 

In  1917,  in  a  talk  on  "The  Bad  and  the  Good  in  the  Handling  of 
Wood,"  Mr.  Geo.  E.  Rex  cites  improper  uses  of  creosoted  wood. 
Just  one  quotation  about  a  creosoted  pole:  "yet  the  man  has  taken 
a  creosoted  stick  and  sawed  it  in  two,  and  left  the  exposed  heart- 
wood  turned  up  to  the  sun  and  rain,  an  ideal  condition  for  all  the 
decay  that  is  going."  Near  the  close  of  his  remarks  Mr.  Rex 
emphasized  his  belief  in  the  need  of  an  unbroken  antiseptic  zone  by 
stating  "there  is  not  a  man  in  the  house  that  can  afford  to  see  and 
allow  a  single  stick  of  creosoted  material  sawed  after  treatment 
and  not  make  a  kick  about  it." 

In  considering  this  subject  it  is  well,  however,  to  recognize  also 
the  demand  in  fresh-water  sections  and  in  tide-water  free  from 
marine  animalculse.  This  is,  perhaps,  best  described  in  the  paper 
by  Mr.  Cherrington  presented  at  the  Twelfth  Annual  Meeting  of 
this  Association,  and  which  is  sufficiently  illustrated  to  emphasize 
his  statement  that  "before  going  into  the  subject  further,  it  may 
be  of  interest  to  note  here  that  the  decay  of  pile  (except  in  warm 
sea-water  where  it  is  attacked  by  marine  borers  below  the  water- 
line)  will,  without  exception,  orig^inate  at  the  wind-  and  water-line. 
With  the  exception  of  a  short  distance  above  and  below  this  line, 
the  balance  of  the  timber  will  remain  solid  and  sound  for  many 
years.  But  that  portion  subjected  to  alternate  wet  and  dry  condi- 
tions, will  rapidly  deteriorate  in  strength  and  usefulness.     Simi- 
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larly,  telephone  or  telegraph  poles  decay  rapidly  only  at  the 
ground-line,  except  in  very  warm  or  moist  climates,  because  that 
portion  of  it  in  close  contact  with  the  soil  will  continually  absorb 
moisture.  The  photographs  here  exhibited  demonstrate  very  forci- 
bly the  activity  of  decay  of  piling  at  the  wind-  and  water-line,  in 
waters  free  from  sea  borers." 

It  will  be  evident  at  once  that  if  we  meet  the  conditions  de- 
scribed by  Mr.  Cherrington,  that  is  to  say,  if  we  can  successfully 
treat  the  top  of  a  pile  after  it  is  driven  and  framed  so  as  to  give 
a  thorough  protection  of  the  exposed  surface,  we  will  likewise  be 
able  to  give  a  reinforcing  treatment  to  the  top  of  framed  creosoted 
piles.  Obviously,  a  lighter  treatment  will  be  required  in  the  case 
of  creosoted  piles,  since  it  will  only  be  necessary  to  replace  the 
treatment  that  has  been  cut  away,  and  to  insure  that  there  will  be 
no  unprotected  parts  in  our  creosoted  piles.  To  see  to  it  that  every 
part  of  our  creosoted  pile  conforms  to  the  specifications  laid  down 
by  the  builder  of  "that  Wonderful  One  Hoss  Shay." 

Let  us  now  briefly  consider  an  actual  case  in  New  York  City. 
Piles  were  to  be  driven,  then  cut  to  grade,  and  the  tops  framed  to 
form  a  tennon  to  which  the  superstructure  or  decking  was  to  be 
secured.  The  waters  where  these  piles  were  to  be  driven  con- 
tained no  marine  borers  so  that  the  only  portion  requiring  pro- 
tection was  from  mean-tide  to  the  upper  end  of  the  pile,  a  distance 
of  perhaps  6  feet.  Many  of  these  piles  were  to  be  40  ft.  in  length, 
or  longer,  and  if  treated  by  the  ordinary  methods  all  preservative 
injected  into  the  34  ft.  or  more  below  mean-tide  would  be  wasted. 
As  an  illustration,  take  piling  with  16-inch  butt  diameter,  tapering 
1  inch  in  5  ft.,  exposed  6  ft.  above  mean-tide,  and  let  us  calculate 
the  per  cent,  of  the  volume  unnecessarily  treated  in  ordinary 
creosoting: 

Volume  _,  ,                           T»     ^     *. 

Length                   Requiring  Total                 „    volume                   %S'' V*S' 

Lin.  Feet              Treatment  Volume               Unnecesaarily  ^^^ajited 

Cubic  Feet  Treated  Treatment 

80     28.18  20.87  72.4 

85     80.60  22.84  74.6 

40  7.76  82.57  24.81  76.2 

45     84.11  26.86  77.8 

50      86.26  27.50  78.0 

From  this  table  we  see  that  in  this  case,  between  70%  and  80% 
of  the  treatment  we  pay  for  is  of  no  use  whatever  in  the  preserva- 
tion of  the  pile,  so  that  straight  creosoting  would  be  decidedly 
wasteful. 

The  collapse  of  a  number  of  buildings,  notably  in  Chicago  and 
New  York,  has  been  directly  traced  to  the  failure  of  foundation 
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piles,  due  in  most  cases  to  a  change  in  ground-water,  and  there  are 
doubtless  other  adaptations  for  the  cap  method  of  treatment  un- 
known to  the  author. 

The  experiments  to  be  described,  while  originally  limited  to  meet 
the  conditions  first  indicated,  soon  demonstrated  that  the  tops  of 
piles  could  be  successfully  creosoted  to  almost  any  distance  by  the 
use  of  the  cap  method  of  treatment.  For  these  reasons  the  bal- 
ance of  this  paper  will  proceed  on  the  theory  that  we  are  treating 
piles  not  previously  creosoted. 

In  the  case  of  piling  it  is  practically  impossible  to  cut  timbers  to 
proper  length  and  do  such  cutting,  notching  and  framing  as  may 
be  necessary  before  the  timber  is  treated.  The  result  is  that  when 
treated  timbers  are  sawed  off  to  the  proper  grade,  and  where 
they  are  framed  to  receive  other  timbers,  considerable  quantities 
of  well-treated  wood  are  cut  away  and  wasted  and  the  cut  surfaces 
which  are  most  susceptible  to  decay  are  frequently  left  without 
treatment  of  any  kind,  the  outer  or  treated  portion  having  been 
cut  away. 

This  fact  was  realized  at  an  early  date  and  numerous  systems 
and  devices  have  been  developed  in  attempts  to  localize  treatment 
to  certain  portions  of  a  timber  and  leave  other  poHions  untreated 
and  to  apply  pressure  treatments  to  timbers  after  they  are  in  posi- 
tion cut  to  grade  and  framed. 

Probably  the  earliest  attempt  at  a  solution  of  these  diflKculties 
is  found  in  a  crude  apparatus  patented  in  the  United  States  in 
1867  by  Mr.  W.  B.  Smith.  This  apparatus  consisted  simply  of  a 
rubber  tube,  or  bottomless  bag,  which  slipped  over  the  end  of  a 
timber,  and  was  bound  tightly  to  it  by  a  cord  or  strap.  The  sides 
of  the  bag  were  supported  to  form  a  reservoir  into  which  the 
preservative  liquid  was  poured.  The  pressure  due  to  the  head  of 
liquid  (about  2  ft.)  was  found  sufficient  to  force  the  liquid  through 
several  feet  of  freshly-cut  timber.  With  this  crude  beginning  vari- 
ous schemes  have  been  tried  out,  none  of  which  has  had  any  wide 
use  or  practical  success. 

In  all  of  these  devices  or  methods  one  or  more  of  the  following 
list  of  defects  are  to  be  found: 

(1)  The  timber  must  be  freshly  cut. 

(2)  The  end  of  the  timber  to  which  pressure  is  ap- 
plied must  be  accurately  squared  or  cut  to  some  special 
form. 

(8)  The  apparatus  is  too  bulky  to  be  portable  so  that 
treatment  cannot  be  applied  to  timbers  in  place. 

(4)  Holes  are  bored  in  the  timber  which  reduce  its 
strength,  and  from  which  the  treatment  enters  and  passes 
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through  the  timber  in   well-defined   longitudinal  streaks 
following  the  grain  of  the  wood. 

(5)  The  timber  must  be  of  comparatively  short  length. 

(6)  The  timber  must  be  perfectly  round  or  rectangular. 
(No  reentering  angles  or  grooves.) 

(7)  The  timber  must  be  of  uniform  diameter  to  allow 
the  apparatus  to  pass  over  the  end. 

(8)  The  timber  must  all  be  of  the  same  size,  or  a  dif- 
ferent apparatus  must  be  used  for  each  size. 

(9)  The  treating  apparatus  carries  a  sharpened  an- 
nular ring  which  is  driven,  or  forced,  into  the  end  of  the 
timber  so  that  the  outer  portions  are  not  treated. 

(10)  The  bark  must  be  removed. 

(11)  Both  ends  of  the  timber  must  be  free. 

(12)  The  seal  is  of  material  that  can  be  used  only  with 
certain  preservatives. 

(13)  The  seal  is  difficult  to  make  tight,  and  consider- 
able waste  results  through  leakage. 

(14)  The  apparatus  requires  too  much  time  in  adjust- 
ment to  the  timber. 

(15)  Cap  is  of  rubber,  leather,  or  fabric,  and  will  not 
stand  much  pressure. 

(16)  The  seal  consists  of  a  material  that  must  be  fre- 
quently removed,  or  replaced,  at  considerable  expense. 

(17)  The  sealing  gasket  has  one  or  more  joints  which 
are  hard  to  make  tight. 

(18)  The  seal  is  of  plastic  material,  or  cement,  either 
not  readily  obtainable  under  ordinary  conditions,  or  too 
expensive  to  be  practicable. 

The  above  list  of  defects  give  some  idea  of  the  state  of  affairs 
when  in  April,  1914,  the  experiments  covered  by  this  paper  were 
undertaken. 

Enjoying  excellent  library  facilities,  a  search  was  made  for  past 
and  contemporary  investigations  including  all  United  States  pat- 
ents on  wood  preservation.  The  result  indicated  that  none  of  the 
methods  then  known  could  be  practically  applied.  It  is  of  interest 
to  note  the  large  number  of  patents  issued  based  on  the  principle 
covered  by  this  paper,  not  only  for  the  injection  of  preservatives, 
but  also  for  coloring  matter,  dyes,  stains,  etc. 

It  is  well  to  bear  in  mind  that  this  study  represents  industrial 
research,  and  that  in  consequence  factors  were  changed  whenever 
warranted  or  thought  advisable. 

After  considerable  study  it  was  decided  to  enclose  the  end,  in- 
cluding the  framing  in  an  oil-tight  cylinder,  or  cap,  which  should 
extend  down  as  far  on  the  pile  as  treatment  should  be  required. 
The  space  between  the  pile  and  the  lower  open-end  of  the  cylinder 
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was  to  be  closed  by  a  seal  of  some  sort,  and  then  the  preservative 
was  to  be  introduced  into  the  cylinder  and  pressure  applied  to 
force  it  into  the  pile.  From  the  first  it  was  anticipated  that  the 
greatest  troubles  would  be  found  in  making  a  tight  seal.  It  was 
determined  to  try  a  ring,  or  collar,  with  a  "Z"-shaped  cross-section 


Fis.  1.     First  Experimental  Cylinder  Used. 

made  in  sections  so  that  it  could  be  drawn  tightly  around  the 
pile  by  bolts,  forming  an  annular  trough  into  which  packing  could 
he  placed  in  or  against  which  the  cylinder  could  be  tightly  held  by 
bolts  or  dogs. 

Plans  were  drawn  up  and  an  experimental  cylinder  9  inches  in 
diameter  and  30  inches  long  was  made.  A  quantity  of  pile  ends, 
about  4  ft.  long,  were  obtained,  and  early  in  1915  experimental 
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work  was  actually  begun.  At  first  the  cylinder  was  poured  full  of 
preservative  and  then  air-pressure  was  applied  by  means  of  a 
hand-operated  automobile  tire-pump,  with  which  pressures  up  to 
100  lbs.  per  square  inch  could  be  obtained. 

Various  materials  were  tried  in  the  search  for  a  suitable  seal, 
among  them,  cotton-waste,  hemp,  leather,  and  rubber.  Finally 
the  trough-shaped  collar  was  poured  full  of  plaster  of  paris,  and 


Fig.    2.     Cylinder    With    Doss    Operated    by    Cam-Levers.     Pres- 
sure on  Oil  in  Separate  Storaire  Tank. 


the  lower  edge  of  the  cap  was  set  in  this.  The  plaster  hardened  in 
from  2  minutes  to  5  minutes,  and  proved  effective  from  the  first 
trial.  In  this  connection  it  might  be  worth  noting  that  the  Bureau 
of  Standards  of  the  Department  of  Commerce  states  that:  ''a 
recent  sample  of  this  material  was  found  to  give,  at  the  age  of  24 
hours,  a  compressive  strength  of  1,000  lbs.  per  square  inch.  With 
reference  to  the  use  of  hemp,  or  similar  materials,  as  a  reinforce- 
ment in  plaster  of  paris,  we  see  no  reason  why  hemp  could  not  be 
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used  in  the  same  way  that  hair  and  wood  fiber  are  used  for  rein- 
forcing the  tensile  strength  of  wall  plasters/' 

As  experimental  work  proceeded  various  changes  and  additions 
were  made  to  overcome  defects  in  the  original  design.  A  steam  coil 
was  placed  in  the  cylinder  to  heat  the  oil  as  it  entered  the  timber. 
The  cylinder  was  first  held  to  the  collar  by  means  of  dogs  which 
slipped  off  occasionally  until  a  ridge  was  placed  beneath  the  outer 


PLAN  or  eoLum 


> 


amrriof*  or  couLAm 


FiflT.  8.     Heiffht  of  Cylinder,  18  Inches.     Thermometer  Well  in  Cylinder  Shown. 


edge  of  the  collar  with  which  the  dogs  engaged.  These  dogs  were 
drawn  tight  by  means  of  cam-levers  which  proved  unreliable  so 
that  the  stem  of  the  dog  was  extended  to  a  perforated  bracket  at 
the  top  of  the  cap  and  drawn  in  place  by  a  wheel  nut. 

Various  types  of  collar  were  tried.  The  first  one  was  simply 
made  in  halves,  held  together  by  bolts.  This  was  found  to  be  too 
rigid,  and  collars  of  greater  numbers  of  segments  were  tried.  One 
having  17  sections,  mounted  on  a  chain,  was  found  to  be  too  flexible 
to  give  a  rigid  foundation  for  the  plaster.  Finally  a  collar  of  6 
sections,  held  together  by  bolts,  was  found  in  every  way  satis- 
factory and  sufficiently  flexible  to  take  care  of  the  ordinary  irregu- 
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larities  found  in  piling.  The  portion  of  the  collar  coming  in  con- 
tact with  the  pile  was  provided  with  short  spikes  to  prevent  slipr 
ping  under  pressure,  and  the  joints  of  the  trough  were  covered  by 
loose  pieces  of  metal,  or  shims,  to  prevent  the  plaster  from  running 
out  before  hardening. 

At  first  it  was  decided  to  make  the  cylinder,  or  cap,  long  enough 
to  include  the  entire  portion  of  the  pile  to  be  treated.  Experi- 
ments showed,  however,  that  treatment  extended  beyond  the  limit 
of  the  cylinder,  so  a  cap  was  finally  adopted  that  was  only  long 
enough  to  include  the  end  of  the  pile  and  give  a  firm  hold  for 
tha  collar. 

Other  minor  changes  were  made  so  that  the  cap  as  it  now  stands 
is  as  shown  in  the  accompanying  sectional  drawing.  A  cap  of  this 
design  fitted  with  dogs,  wheels,  and  steam  coil,  and  large  enough 
to  accommodate  piles  up  to  17  inches  in  diameter  can  readily  be 
handled  and  placed  in  position  by  2  men. 

In  the  experimental  treatments  made  up  to  the  present  time  no 
particular  attempt  has  been  made  to  arrive  at  factors  from  which 
the  time  required  to  obtain  any  given  absorption  might  be  pre- 
dicted. The  experiments  have  on  the  contrary  been  planned  to 
cover  as  wide  a  field  of  variation  in  conditions  as  possible. 

Our  greatest  lessons  are  learned  from  failures,  and  so  the  data 
here  given  represent  actual  data  gathered  during  the  experimental 
work  covering  conditions  met  with  in  actual  practice.  This  is  well 
to  bear  in  mind. 

Following  is  a  brief  summary  of  a  few  of  the  typical  experi- 
mental treatments: 

Dry  Timber 

Dry  shortleaf  pine  was  used  and  no  difficulty  was  encountered 
in  forcing  oil  into  the  wood.  Treatments  lasting  from  10  minutes 
to  6^  hours  were  made,  and  absorptions  varying  from  ^  gallon 
to  4^  gals,  on  piles  m.  inches  to  8^  inches  in  diameter,  and  from 
3  1/3  gals,  to  10  gals,  on  piles  16  inches  and  17  inches  in  diameter, 
were  obtained.  This  includes  all  runs,  some  of  which,  owing  to 
local  conditions,  gave  exceptionally  high  or  low  results. 

Chart  ''A"  represents  the  average  results  from  normal  treat- 
ments of  pile-sections  approximately  4  ft.  long  that  had  been 
stored  in  a  cellar  and  were  thoroughly  seasoned,  using  the  second 
cylinder  developed.  Since  the  absorption  of  oil  through  lateral 
surfaces  was  practically  negligible  the  curve  is  based  on  the  ab- 
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sorption  in  gallons  per  square  foot  of  end  surfaces.  These  con- 
ditions would  be  comparable  to  those  of  poles  and  posts'  air- 
seasoned  in  open  sheds,  or  buildings. 


Chart  A.     Average  Result  of  Absorption  With  Time  Data. 
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Chart  B.     Averaare  Result  in  Actual  Field  Operations. 
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Chart  "B"  represents  average  absorptions  from  normal  treat- 
ments of  piling  in  an  actual  structure,  and  are  comparable  to  the 
results  to  be  expected  in  practice  in  marine  work  where  the  piling 
is  not  floated  to  the  job. 

Data  on  a  like  number  of  runs  with  the  equipment  Anally  de- 
veloped would  obviously  yield  more  concordant  results.     Changes 


Piff.  4.     Effect  of  Compreesed  Air  in  Retort  and  Cap  Method  of  Treatment. 


in  the  temperature  of  the  preservative,  and  in  the  pressure,  ac- 
count for  all  of  these  variations.  This  then  will  account  for  the 
great  variation  in  the  slope  of  the  curves  in  both  charts. 

An  examination  of  these  curves  reveals  in  a  very  conclusive  way 
the  essential  difference  between  this  method  of  treatment  and 
ordinary  creosoting. 

Similar  curves  of  ordinary  creosote  treatments  show  a  gradual 
reduction  in  absorption  per  time  unit  as  the  treatment  progresses 
whereas  in  this  method  no  such  reduction  is  noticeable,  the  ab- 
sorption per  unit  of  time  proceeding  at  an  almost  uniform  rate 
after  the  first  10  or  20  minutes  of  treatment.     The  reason  for 
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this  difference  becomes  apparent  upon  examination  of  the  accom- 
panying diagram  in  which  "A''  represents  a  longitudinal  section 
of  a  timber  treated  by  the  ordinary  method,  and  "B"  a  similar 
timber  treated  by  the  localized,  or  cap  method. 

In  "A"  the  timber  is  completely  surrounded  by  the  preservative 
under  pressure,  and  as  the  liquid  enters  the  wood  it  encloses  a 
pocket  of  air  "a"  in  the  interior  of  the  timber.  It  is  quite  obvious 
that  as  the  liquid  is  forced  into  the  wood  this  air  is  compressed 
and  the  injection  of  the  preservative  proceeds  against  a  gradually 
increasing  internal  pressure.  This  continues  until  the  internal 
pressure  is  equal  to  the  external  when  no  further  absorption  or 
penetration  can  take  place  without  increasing  the  external  pres- 
sure. Furthermore  when  the  external  pressure  is  released  the  in- 
cluded air  expands  and  forces  some  of  the  absorbed  preservative 
out  of  the  timber — the  kick-back.  From  this  it  may  be  concluded 
that  by  the  ordinary  methods  saturation  treatments,  except  in 
the  extreme  outer,  or  surface,  portion  of  the  timber,  is  quite  im- 
possible, and  this  has  been  proven  experimentally. 

In  "B"  on  the  other  hand  the  pressure  is  applied  only  at  the 
treated  end,  and  the  air  ''b"  in  the  timber  is  simply  driven  ahead 
of  the  preservative,  leaving  the  timber  at  the  other  end.  There  is 
consequently  no  limit  to  the  longitudinal  penetration  of  the  pre- 
servative except  through  the  mechanical  clogging  of  the  passages 
through  which  the  preservative  enters  the  wood.  The  experiments 
here  described  have  shown  this  to  be  practically  negligible  with 
the  ordinary  preservatives  now  in  use.  Furthermore,  on  releasing 
the  pressure  at  the  end  of  the  treatment  there  is  no  reaction  to 
eject  the  absorbed  preservative  from  the  timber,  and  the  treated 
portions  of  the  wood  are  left  in  a  condition  of  saturation. 

Green  Timber 

Three  small  piles,  practically  unseasoned,  were  treated,  and 
while  the  preservatives  entered  much  more  slowly,  satisfactory 
absorption  was  obtained.  The  rate  of  absorption  was  approxi- 
mately one-third  of  that  obtained  in  the  perfectly  dry  piles,  and  0.6 
of  that  obtained  in  the  actual  marine  work.  During  the  treatment 
the  sap  and  moisture  appeared  in  checks,  and  at  the  exposed  end 
of  the  timber,  and  continued  to  exude  as  the  preservative  was 
forced  in  at  the  other  end.  Small  holes  were  bored  in  the  lateral 
surfaces  of  the  exposed  portion  of  the  timbers,  and  from  these  the 
water  poured  in  an  almost  continuous  stream. 
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Wet  Timber 

In  order  to  determine  the  effect  of  floating,  or  rafting,  timbers 
to  the  job,  three  piles  were  moored  to  a  dock  in  New  York  Harbor 
and  allowed  to  float  for  3  days.  The  water  absorbed  amounted 
approximately  to  two-thirds  of  the  dry  weight.     When  treated  it 


F'k.   5.     Actual  Difference  Eetween   Retort  and  Cap  Method  Based  on 
Similar  Treatments. 


was  found  that  these  piles  absorbed  the  preservative  more  readily 
than  the  dry  piles,  and  that  during  the  treatment  the  water  was 
expelled  so  rapidly  that  the  entire  exposed  portion  of  the  pile  was 
covered  with  froth.  This  is  very  well  shown  in  the  accompanying 
photograph  of  one  of  these  piles  during  the  treatment.  Four  and 
one-eighth  gallons  of  oil  were  injected  into  the  end  of  this  pile  in 


Digitized  by  LjOOQ IC 


454  Seventeenth  Annual  Meeting 

IH   hours  at  a  pressure  of  50  lbs.  per   square  inch.     This   is 
equivalent  to  12.15  gals,  per  square  foot  of  end  surface* 


Fig.   6.     Water   Beinir  Driven   Out  of 
Floated  PUe. 


The  accompanying  photograph  is  of  a  pile  that  had  been  floated 
in  salt-water  for  3  days  before  treatment  and  stood  in  salt-water 
while  being  treated.  The  treating  cylinder  extended  approximately 
one-half  the  length  of  the  pile  shown.  Treatment  was  for  1  hour 
from  end  marked  "X"  with  the  preservative  at  80 **  C,  and  a  pres- 
sure of  35  lbs.  per  square  inch.  Pile  was  cut,  dressed  and  photo- 
graphed immediately  after  treatment,  the  absorption  being  2^ 
gals.,  or  22.7  lbs.  per  cubic  foot. 
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This,  like  the  preceding  photograph,  shows  a  pile  that  had  been 
floated  in  salt-water  for  3  days  before  treatment,  and  was  given 


FIfr    7.     Pile  Shown  in  Fir.  6 
Split  at  Completion  of 
Treatment. 


exactly  the  same  treatment  as  the  previous  pile,  the  cylinder  like- 
wise extending  to  one-half  the  length  of  the  pile  which  stood  ver- 
tically in  salt-water  for  one-half  of  the  leng^th  shown  from  the 
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time  of  treatment  until  cut  and  photographed,  which  was  10  days 
after  treatment.    It  will  be  apparent  at  once  that  the  penetration 


Fig:.  8.     Identical  Treatment  aa  Shown 

in  Fig.  7  Split  Open  Ten  Days 

After  Treatment. 

shown  on  the  preceding  photograph  cut  immediately  after  treat- 
ment was  not  complete. 
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Bark 

The  presence  of  bark  on  the  pile  had  no  appreciable  effect  upon 
the  treatment,  since  in  this  form  of  creosoting  we  are  relying 
solely  upon  longitudinal,  or  end,  penetration.  It  was  found,  how- 
ever, that  it  was  difficult  to  obtain  a  tight  plaster  joint  over  bark. 
This  was  remedied  by  removing  the  bark  under  the  collar  only,  so 
that  the  plaster  could  set  in  contact  with  the  wood. 

Pressure 

The  effect  of  variations  in  pressure  during  treatment  in  this 
process  is  by  no  means  as  great  as  in  the  retort  creosoting  process. 
As  is  to  be  expected,  an  increase  in  pressure  causes  an  increase  in 
the  rate  of  absorption,  but  it  was  found  that  on  complete  runs  in 
which  the  pressure  was  held  practically  constant  the  difference  in 
rate  of  absorption  between  runs  made  at  35  lbs.  per  square  inch 
and  100  lbs.  per  square  inch  was  not  as  great  as  that  due  to  varia- 
tions in  the  timbers  themselves  when  treated  at  the  same  pressure. 
Fifty  pounds  per  square  inch  was  found  to  be  a  good  average  work, 
ing  pressure,  but  in  practice  it  is  advisable  to  regulate  the  pres- 
sure to  suit  the  individual  timber,  adjusting  it  so  as  to  obtain  uni- 
form rates  of  absorption.  It  is  believed  that  by  this  method  uni- 
form absorptions  may  be  obtained  in  every  piece  and  the  resulting 
preservative  effect  will  in  consequence  be  uniform  and  can  be 
regulated  at  the  will  of  the  operator. 

Pile  No.  20,  shown  in  the  accompanying  photograph,  was  16 
ins.  in  diameter,  and  46  ins.  of  the  top  were  enclosed  in  the  cylinder 
during  treatment.  As  is  evident  from  the  picture  considerably 
more  than  46  ins.  of  the  pile  top  is  shown,  and  yet  the  treatment  is 
thorough  even  at  the  bottom,  showing  that  it  went  considerably 
into  that  portion  of  the  pile  which  remained  in  place  beyond  the 
section  cut  off.  This  treatment  was  accomplished  in  2  hours  15 
minutes,  at  an  average  pressure  of  57.2  lbs.  per  square  inch.  The 
preservative  injected  amounted  to  0.532  gal.,  or  4.788  lbs.,  per 
square  foot  of  end  surface.  The  pile  being  cut  off  close  to  the 
water  it  is  readily  seen  that  the  treatment  extended  not  only  be-  ; 
yond  the  treating  cylinder  but  below  the  water-line. 

It  might  be  well  to  note  that  in  practically  all  of  these  experi- 
mental runs  the  treatment  extended  considerably  beyond  the  col- 
lar of  the  cylinder.  This  was  usually  evidenced  by  the  presence 
of  oil  on  the  surface  by  an  axe-mark,  or  where  the  timber  had  been 
cut  slightly  across  the  grain,  or  was  intentionally  demonstrated 
by  boring  holes  in  the  exposed  part  of  the  pile  during  the 
treatment. 
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Temperature 

The  effect  of  the  temperature  of  the  preservative  during  injec- 
tion appears  to  have  a  much  greater  effect  upon  the  rate  of  ad- 
sorption than  variations  in  pressure.     Increase  in  temperature  of 


Fis:.  9  —Pile  No.  20  Split  Open  to  Show  the  Thorough  Penetration  of  the  Preservative. 
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a  few  degrees  cause  a  marked  increase  in  the  rate  of  absorption. 
This  was  very  nicely  brought  out  in  the  treatment  of  pile  No.  28. 

This  treatment  was  started  at  4  P.  M.,  and  no  steam  was  avail- 
able at  the  time  for  heating  the  preservative.  The  air-temperature 
at  the  time  (December,  1916)  was  very  close  to  freezing,  and  this 
was  probably  not  much  lower  than  that  of  the  preservative.  The 
treatment  was  continued  for  65  minutes,  during  which  time  the 
pressure  was  gnradually  raised  from  45  lbs.  to  100  lbs.  per  square 
inch.  The  absorption  during  this  time  was  quite  uniform,  but  at 
the  end  of  the  time  only  1.35  gals.,  or  0.856  gal.,  per  square  foot  of 
end  surface,  had  been  injected.  The  treatment  was  then  stopped, 
and  the  apparatus  left  with  the  pressure  on  until  9:25  A.  M.,  in 
which  time  the  pressure  had,  of  course,  dropped  to  zero.  Steam 
was  now  applied  to  the  oil  in  the  cap.  The  temperature  was 
raised  to  79**  C,  and  in  56  minutes,  using  a  pressure  of  50  lbs. 
per  square  inch,  5.83  gals,  were  injected,  or  3.70  gals,  per  square 
foot  of  end  surface. 

Since  the  preservative  used  was  one  that  was  perfectly  limpid 
at  the  lower  temperature  it  is  to  be  presumed  that  this  result  is 
due  to  the  effect  of  the  heat  upon  the  wood  and  the  saps  and  resins 
contained  in  the  wood  rather  than  upon  any  reduction  in  the  vis- 
cosity, or  density,  of  the  preservative. 

This  particular  run  will  also  indicate  the  character  of  the  bond 
secured,  and  appears  to  establish  the  correctness  of  the  design  of 
collar  and  the  plastic  material  used. 

In  the  light  of  certain  previous  research  work  done  by  the  author 
jointly  with  Dr.  A.  L.  Dean  it  is  well  to  hold  the  temperature 
within  certain  limits  and  beyond  which  a  rise  in  temperature  will 
not  increase  absorption. 


Empty-Cell  Treatments 

By  the  cap  method  these  may  be  obtained  by  injecting  the  pre- 
servative under  pressure,  then  releasing  the  pressure,  emptying 
the  cylinder,  and  applying  either  a  vacuum,  or  air,  pressure. 

In  the  first  case,  the  surplus  preservative  is  drawn  back  into 
the  cap,  and  can  be  recovered. 

In  the  second  case,  the  preservative  already  injected  into  the 
timber  remains  there,  but  is  driven  further  into  the  stick  ahead 
of  the  injected  air,  causing  still  deeper  penetration  and  greAter 
distribution  of  the  preservative.    The  latter  is,  of  course,  the  easier 
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and  less  expensive  method,  since  the  same  air-compressor  is  used 
for  both  stag^es  of  the  process,  no  vacuum-pump  is  required,  and 
the  amount  of  preservative  orig^inally  injected  is  considerably  less, 
resulting  in  a  saving  of  time  and  power. 


Fig.  10.     Cylinder  Used  for  All  Treatments  Shown  on  Chart  B. 


All  the  treatments  shown  on  Chart  "B"  were  given  with  the 
cylinder  shown  in  this  photograph.  The  treatments  were  con- 
ducted at  Pier  6,  East  River,  New  York,  during  the  widening  of 
the  pier  for  the  New  York  Barge  Canal  Terminal. 
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From  the  experience  gained  in  making  these  experiments  the 
cap,  or  cylinder,  reproduced  by  this  photograph,  and  of  which 
sectional  drawings  have  previously  been  shown,  was  developed. 

From  the  foregoing  it  would  appear  that  the  localized,  or  cap 
system  of  creosoting,  possesses  advantages  especially  in  adapta- 
bility, efficiency  and  relative  cost. 


FiflT.   11.     Showing  the  Cap  as   Finally   Developed   with   Pressure — Tank  and   Air 

Compressor. 

Fully  realizing  that  the  ultimate  adaptations  of  this  method  can- 
not be  foretold  it  is  interesting  to  speculate  on  some  of  the  possibili- 
ties. As  an  example,  we  may  consider  the  harbor  conditions  in 
San  Francisco,  with  the  sudden  appearance  of  the  teredo  in  water, 
where  it  was  formerly  deemed  unnecessary  to  use  creosoted  piles. 
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It  might  have  been  possible  to  creosote  all  such  piles  as  had  the 
end  free,  or  whose  ends  could  have  been  exposed. 

Adaptability 

The  adaptability  of  the  method  to  timber  of  all  sizes  and  shapes 
requires  only  the  use  of  caps,  or  cylinders,  of  suitable  size,  and 
collars  of  appropriate  design.  It  is  a  portable  apparatus,  and  as 
many  caps,  or  cylinders,  as  desired  can  be  simultaneously  oper- 
ated with  1  air-compressor,  using  1  oil-pressure  tank,  or  a  separate 
tank  for  each  pile.  Long  seasoning  is  not  *  essential  to  efficient 
treatment.  Green,  waterlogged,  or  unpeeled,  piles  offer  no  difficul- 
ties. It  is  as  applicable  to  telephone-pole  butts  as  to  piles.  Full- 
or  empty-cell  treatments  may  be  given  with  any  desired  preserva- 
tive. 

Efficiency 

The  efficiency  of  a  treatment  after  all  framing,  boring,  adzing, 
or  cutting,  and  giving  any  desired  depth  of  penetration  or  absorp- 
tion of  preservative  is  too  evident  to  require  detailing.  Those" 
interested  will  find  some  definite  comparable  data  on  penetration 
and  absorption  in  ordinary  creosoted  piling  by  referring  to  the 
paper  of  Mr.  Allardyce  and  that  of  Mr.  AUerton  in  the  1911 
Proceedings  of  this  Association.  See  also  "Penetration  of  Creo- 
sote Oil  in  Round  Piling"  by  Mr.  R.  H.  Rawson  presented  last  year. 

Cost 

The  cost  of  the  treatment,  based  on  the  experiments  here  de- 
scribed, bids  fair  to  offer  no  obstacle  to  its  use  for  supplementary 
treatments  of  creosoted  piling  after  these  have  been  driven,  and 
framed.  For  the  treatment  of  the  exposed  part  of  piling  in  fresh 
water,  or  water  free  from  marine  borers,  the  cost  would  appear 
relatively  low  for  the  protection  afforded.  An  empty-cell  cap 
treatment  of  pole  butts  should  compare  favorably  in  cost  with  the 
methods  now  in  use.  It  is  certain  that  the  loss  due  to  evaporation 
would  be  obviated.  The  low  cost  of  the  equipment  makes  this 
method  of  interest  for  foundation  piles,  whether  for  trestles  or 
buildings. 

This  paper  is  submitted  as  representing  industrial  research  to 
serve  as  a  basis  for  future  progress. 

These  curves  illustrate  the  actual  difference  in  the  2  methods  of 
treatment.  The  data  for  both  curves  represent  treatments  of 
nearly  12  lbs.  per  cubic  foot,  and  both  are  on  yellow  pine. 
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On  referring  to  the  retort  curve  it  will  be  noted  that  the  absorp- 
tion was  very  great  at  first,  nearly  80%  of  the  oil  being  injected 
in  the  first  half  of  the  treating  period,  after  which  it  falls  off 
rapidly  so  that  during  the  last  10%  of  the  time  only  2^%  of  the 
absorption  takes  place. 

From  the  curve  for  the  cap  treatment  it  will  be  noticed  that  after 
the  first  10%  of  the  time  the  absorption  per  unit  of  time  was  prac- 
tically uniform,  remaining  so  to  the  end  of  the  treatment.  This 
demonstrates  that  there  is  no  refusal  point  in  the  cap  method  of 
creosoting,  and  as  indicated  by  results  obtained  in  the  experiments 
additional  oil  injected  will  simply  come  out  at  the  other  end  of  the 
pile. 

In  the  case  of  the  retort  curve  the  pressure  was  constantly  in- 
creasing during  the  treatment  from  nothing  to  146  lbs.  per  square 
inch,  while  in  the  cap  method  after  the  first  few  minutes  the 
pressure  remained  practically  constant  and  rarely  exceeded  60 
pounds. 

(Lantern  slides  were  then  shown  with  comments  by  Mr.  Taylor.) 
[AppUmse,"} 

The  President:    Are  there  any  remarks  on  this  paper? 

Mr.  a.  a.  Brown  :  I  do  not  want  to  be  a  pest,  but  I  came  here 
particularly  to  hear  this  paper,  and  to  me  it  is  a  very  impractical 
proposition.  It  is  impossible  to  wait  S%  hours  to  cut  off  each  one 
of  those  piles.  I  think  we  have  to  look  further  for  something  that 
is  practical  in  use. 

The  President:  The  paper,  of  course,  is  submitted  as  informa- 
tion, as  a  method,  and  accepted  by  the  Association  as  such. 

Mr.  a.  A.  Brown  :  The  point  that  I  wish  to  make  is  this,  that 
it  is  something  very  much  needed.  We  are  cutting  off  piles  every 
day  and  capping  them  immediately.  They  are  subjected  to  rot  and 
attack  by  marine  borers,  and  if  it  is  passible  to  develop  something 
that  would  be  effective  it  would  certainly  be  very  useful  from  an 
economic  standpoint. 

Mr.  Geo.  M.  Hunt:  Mr.  Chairman,  I  think  Mr.  Brown  has 
brought  up  a  point  to  which  this  Association  has  not  given  much 
attention.  We  all  know  when  you  cut  off  the  end  of  a  pile,  and 
put  a  cap  on  you  offer  a  chance  for  the  pile  to  decay.  Even  if  you 
do  not  put  a  cap  on  it,  the  pile  will  decay  inside  the  treated  area, 
because  untreated  wood  is  exposed.  We  have  known  that  for  a 
long  time,  yet  we  have  never  recommended  any  standard  way  of 
protecting  the  top  of  a  cut-off  pile.  Could  not  this  Association 
take  some  action  during  the  coming  year  to  develop  some  such 
recommendation?     I  should  like  to  move  that  the  Executive  Com- 
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mittee,  if  they  see  fit  this  year,  appoint  a  committee  to  bring  in 
definite  recommendations  at  the  next  convention  for  the  protec- 
tion of  such  piles. 

The  President:     Is  there  a  second  to  that  motion? 

Mr.  a.  a.  Brown  :  I  think  Mr.  Hunt  would  do  well  if  he  could 
include  in  that  motion  a  recommendation  that  you  make  a  very 
thorough  study  as  to  the  methods  of  handling  the  pile  from  the 
time  it  is  treated  until  it  is  finally  driven,  following  it  through  the 
entire  route,  and  endeavoring  to  standardize  the  development  of 
the  best  possible  methods  of  handling  and  using  the  piles,  not  only 
the  cutting  off,  but  the  handling.  I  believe  it  would  be  very  help- 
ful to  the  man  who  is  actively  on  the  job.  We  are  just  partially 
solving  the  problem  when  we  treat  the  pile;  if  we  are  going  to 
treat  it,  put  it  into  use,  and  it  is  useless,  it  is  going  to  bring  the 
treating  industry  into  disrepute. 

The  President:     Mr.  Hunt,  will  you  accept  that  amendment? 

Mr.  Geo.  M.  Hunt:  The  point  which  Mr.  Brown  brings  up  is, 
of  course,  a  very  necessary  thing  to  study,  but  it  is  too  big  a  job 
for  one  committee  to  complete  in  a  year.  One  of  the  recommenda- 
tions for  the  San  Francisco  Piling  Committee  during  this  coming 
year  is  the  study  of  that  very  thing:  how  can  Douglas  fir  piling 
be  handled  and  used  in  order  to  damage  it  the  least,  and  I  think 
the  Association  has  the  right  to  expect  that  Committee  will  next 
year  bring  in  some  definite  recommendations.  This  other  thing 
might  be  included,  and  covered  by  that  Committee,  or  it  might  be 
handled  separately.  I  think  it  ought  to  be  handled  separately, 
because  it  applies  not  only  to  marine  piling,  but  also  to  land 
piling  and  railroad  bridge  work.  It  is  an  important  thing,  and 
it  is  a  unit  in  itself  which  one  committee  can  handle  and  which 
we  can  expect  to  standardize  in  a  short  time.  The  larger  study 
which  Mr.  Brown  mentions,  and  which  is  badly  needed,  is  of 
such  magnitude  that  you  cannot  hope  to  get  a  complete  re- 
port next  year,  or  to  get  your  ideas  accepted.  It  is  a  project 
which  will  require  several  years.  I  have  no  objection  to  hav- 
ing this  project  of  protecting  the  tops  of  the  piles  included  in  the 
Marine  Piling  Committee's  work,  but  it  seems  to  me  the  quickest 
way  to  get  results  would  be  for  a  committee  to  be  appointed  with 
that  one  duty. 

Mr.  J.  H.  Waterman:     I  second  Mr.  Hunt's  motion. 

The  President:  Are  you  ready  for  the  question?  It  has  been 
moved  and  seconded  that  the  Executive  Committee  appoint  a 
special  committee  to  develop  a  satisfactory  standard  practice  to 
protect  the  tops  of  treated  piles.  All  in  favor  respond  by  saying 
"aye";  contrary,  same  sign;  it  is  so  ordered. 
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If  Mr.  Waterman,  who  is  the  General  Chairman  of  the  Com- 
mittee on  Plant  Operation,  will  come  forward,  we  will  ask  Mr. 
Edwards  to  show  his  lantern  slides  on  the  perforating  layouts. 

Mb.  J.  H.  Waterman:  Your  Committee  No.  6  on  Plant  Opera- 
tion was  instructed  to  report  on  first.  Peeling;  second.  Adzing, 
Boring  and  Perforating  Layouts;  third.  Car  Loading;  fourth, 
Switch-Tie  Yards.  Mr.  Edwards,  Chairman  of  Committee  No. 
6-2 — ^Adzing,  Boring  and  Perforating  Layouts,  will  give  his  report. 

(Mr.  Edwards  then  presented  a  number  of  lantern  slides  accom- 
panied by  explanation  and  comments  on  the  slides.) 

REPORT  OF  COMMITTEE  NO.  6-2— ADZING.  BORING 
AND  PERFORATING  LAYOUTS 

To  the  Members  of  the  American  Wood-Preservers*  Association: 

Adzing,  boring,  trimming  and  branding  operations  are  per- 
formed on  railroad  cross  ties  for  the  purpose  of  making  them  more 
suitable  to  their  mechanical  requirements  and  provide  ways  for 
better  chemical  treatment.  Adzed  rail,  or  rail-plate  surfaces,  pre- 
sent perfect  plane  bearings  on  all  ties,  either  sawn  or  hewn,  that 
better  support  the  rail.  Boring  assures  perfect  gauge,  increased 
spike-holding  power,  and  permits  the  preservative  to  enter  and 
thoroughly  penetrate  the  ties  at  the  point  where  the  chemical 
treatment  is  most  required.  The  ends  are  trimmed  for  appearance 
and  inspection  and  branded  for  identification. 

Machines  for  doing  this  work  may  be  assembled  in  a  portable  car 
that  the  plant  can  be  moved  to  the  ties,  or  erected  on  a  permanent 
foundation  and  the  ties  delivered  to  the  fixed  location.  Both  types 
of  installation  have  their  advantages,  but  the  one  best  suited  to 
local  conditions  is  more  or  less  readily  determined  by  the  yard 
layout,  number  of  ties  to  be  considered,  and  available  methods  of 
handling  ties. 

The  equipment  to  be  included  in  an  installation  must  be  deter- 
mined from  a  careful  study  of  the  kind  of  ties,  means  provided  for 
handling  them,  method  of  disposition  after  machining,  and  disposal 
of  the  refuse.  A  brief  outline  of  some  existing  plants  will  doubt- 
less best  describe  the  developments  that  have  been  made,  and  point 
out  conditions  that  must  be  taken  into  consideration  when  the  best 
type  of  installation  for  a  definite  point  is  to  be  decided. 

The  Atchison,  Topeka  &  Santa  Fe  Railway  used  the  first  of  the 
early  American-made  machines  for  this  work.  Their  first  plant 
was  designed  for  adzing  and  boring  only.  It  was  mounted  in  a 
box-car,  and  its  power  supplied  by  a  45-H.  P.  gasoline  engine.    A 
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small  shavings  exhaust  fan  collected  the  chips  and  borings,  and 
delivered  them  through  a  cyclone  dust  collector  into  the  open  be- 
neath the  car.  In-feed  conveyors  were  provided  for  carrying  the 
ties  from  the  ground  to  the  machine.  Ties  entered  one  side  of  the 
car,  passed  through  the  machine,  and  were  permitted  to  slide  down 
skidways  from  the  opposite  side  of  the  car  from  where  they  were 
disposed  of  by  hand  labor. 


Feeding  Ties  to  Machine,  Mounted  in  Santa  Fe  Car. 

The  gasoline  engine  providing  power  for  driving  the  machinery 
was  also  geared  to  one  of  the  car  axles,  and  fitted  with  reversing 
gear  and  clutch,  making  the  car  self-propelling  that  it  could  move 
short  distances  under  its  own  power.  An  automatic  machine  for 
grinding  the  knives  for  the  adzing  heads  was  installed  in  the  car, 
together  with  work  benches  and  the  necessary  hand  tools  for  the 
maintenance  and  operation  of  the  equipment. 

The  Northern  Pacific  Railway's  first  plant,  built  shortly  after, 
was  almost  a  duplicate,  but  with  a  few  changes  that  seemed  to  be 
necessary  from  experience  had  with  the  first  one,  but  it  was  not 
until  after  this  plant,  as  well  as  a  second  one,  built  for  the  Santa 
Fe,  had  been  operated  for  some  time  that  real  improvements  began 
to  be  made,  and  though  these  were  practically  all  mere  detail  mat- 
ters they  were  of  vital  importance. 
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CombininfiT  the  functions  of  adzing^  and  boring  in  one  main  frame 
made  a  rather  complicated  machine,  difficult  to  adjust,  repair,  or 
even  operate.  The  necessity  for  gasoline  engines  of  more  rugged 
design  and  greater  horsepower,  with  a  cooling  system  of  greater 
capacity  and  efficiency  than  the  ordinary  oversize  radiator,  as  well 
as  a  better  means  of  starting  the  motors,  was  proven.  The  rather 
small  shavings  exhaust  fans  were  forced  to  give  way  to  fans  hav- 
ing a  capacity  that,  to  the  engineers  in  charge  of  the  development, 
seemed  beyond  the  requirements. 

In  the  boring  machine  it  was  found  absolutely  necessary  to  pro- 
vide steel  templates  for  guiding  the  bits.  Both  because  they  would 
otherwise  run  out  and  bore  crooked,  and  were  not  always  set  in 
exactly  the  right  gauge  by  the  operators.  In  adzing  the  vital 
necessity  of  a  compensating  or  equalizing  device  that  would  auto- 
matically control  the  depth  and  thus  cut  both  straight  and  crooked 
ties  as  deep  but  no  deeper  than  necessary,  was  made  plain.  In  the 
early  machines  the  maintenance  of  leather  belts  running  at  high 
speed  and  under  severe  tension  was  a  source  of  annoyance  later 
overcome  by  the  use  of  silent  high-speed  chain-drives. 

The  Santa  Fe  had  3  and  the  Northern  Pacific  1  of  the  real  early 
types,  and  all  of  these  were  portable.  One  of  those  owned  by  the 
Santa  Fe  was  scrapped  several  years  ago,  and  the  second  rebuilt, 
after  several  years'  operation  and  the  successful  machining  of  a 
great  many  ties.    One  of  the  original  machines  is  still  in  operation. 

It  was  when  the  Northern  Pacific  Railway  Company  bought  their 
second  plant  that  an  attempt  was  made  to  save  time  and  laoor  in 
the  handling  of  the  ties.  This  machine  was  fitted  with  the  usual 
in-feed  conveyors,  and  also  out-feed  conveyors,  arranged  to  deliver 
ties  direct  to  tram-cars.  These  were  equipped  with  an  accumulat- 
ing device,  which  consisted  of  tracks  arranged  to  raise  and  lower 
by  hand-lever  that  would  lift  the  ties  clear  of  the  feed-chains  on 
the  out-feed  conveyors,  and  permit  several  ties  to  collect  thereon 
while  the  loaded  tram  was  being  removed  and  an  empty  one  placed 
in  position  to  load.  When  the  accumulation  device  was  released  the 
collected  ties  passed  on  to  the  tram,  the  machining  not  having  been 
interrupted  through  changing  trams.  This  car  was  equipped  with 
power-driven  capstans,  operating  a  long  rope  haul  which  removed 
the  loaded  trams  to  a  point  some  distance  down  the  track  where 
they  were  assembled  into  trains  for  the  retorts. 

The  power-driven  rope  transmission  was  also  used  by  the  Santa 
Fe,  but  this  was  of  their  own  design,  and  not  a  part  of  the  original 
plant.  The  Northern  Pacific  Company*s  second  car  was  built  with- 
out a  shavings-collecting  fan,  and  the  chips  and  borings  were  per- 
mitted to  fall  directly  through  openings  in  the  floor  on  a  large 
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canvas  placed  beneath  the  car,  this  canvas  afterwards  being  hauled 
away,  and  the  shavings  disposed  of. 

These  cars  have  aU  been  used,  principally  in  tie-yards.  They 
have  been  placed  on  temporary-track  sections,  and  ties  delivered  to 
their  in-feed  conveyors  by  hand-labor  direct  from  the  yard  piles. 
After  passing  through  the  machine  the  ties  have  been  carried  on 
out-feed  conveyors,  or  skidways,  to  the  tram-cars.  As  the  tie  piles 
are  cleared  away  the  car  is  moved  by  its  own  power  to  the  next 
pile  along  additional  temporary  track  sections. 

Probably  no  type  of  installation  will  machine  ties  cheaper  than 
this.  The  modem  machine  mounted  in  a  large  roomy  car,  ap- 
proximately 9^  ft.  wide  inside  and  from  45  ft.  to  50  ft.  long,  pro- 
vided with  the  best  equipment,  which  includes  extra  heavy  duty 
engines,  refuse  removal  system,  light  but  strong  in-feed  conveyors 
and  out-feed  conveyors  fitted  with  accumulator  and  tram-car  rope 
haul,  make  the  cheapest  plant  so  far  as  first  cost  is  concerned, 
machines  nearly  as  many  ties  as  the  stationary  type,  and  eliminates 
one  handling. 

The  Pittsburgh  and  Lake  Erie  Railroad  at  Adelaide,  Pa.,  the 
Delaware,  Lackawanna  &  Western  Railroad  at  Paterson,  N.  J.,  the 
Chicago,  Rock  Island  and  Pacific  Railroad  at  Kansas  City,  and  the 
Philadelphia  &  Reading  Railway  at  Chrome,  N.  J.,  were  examples 
of  some  of  the  early  stationary  installations.  The  machines  at  Ade- 
laide, Pa.,  and  Chrome,  N.  J.,  were  fitted  with  trim  cut-off  saws 
and  dies  for  branding  characters  in  the  tie  ends,  to  denote  owner- 
ship and  date  of  treatment.  The  object  in  providing  trim-saws  was 
to  square  up  the  ends  of  the  ties  for  general  appearance  sake  and 
present  a  true  surface  for  receiving  the  brand,  which  consisted  of 
characters  2  ins.  high,  stamped  in  the  tie  ends. 

It  was  soon  discovered  that  the  trim-saws  fulfilled  a  duty  of  far 
more  importance  than  they  were  originally  designed  for,  since  the 
freshly  cut  tie  ends  disclosed  the  internal  state  of  preservation  not 
always  noticeable  from  the  weathered  ends  of  the  ties  before 
trimming.  Some  ties  presenting  good  external  appearance  when 
trimmed  ^  in.  at  the  ends  show  hearts  decayed  to  a  degree  that 
it  would  be  wasteful  to  treat  and  place  them  in  track,  and,  there- 
fore, are  rejected.  So  valuable  has  this  method  of  inspection  been 
found  to  be  that  installations  have  been  made  of  trim-saws  alone, 
and  ties  trimmed  for  no  other  purpose  than  to  clearly  disclose  the 
actual  internal  condition  of  the  heart. 

In  the  earliest  of  the  stationary  plants  it  was  found  advisable 
to  provide  a  means  of  dumping  the  tram-loads  of  ties  on  skidways 
in  front  of  the  machines,  since  both  time  and  labor  were  saved  by 
so  doing.    Two  men  are  required  to  feed  the  machines,  and  as  they 
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must  handle  between  6  ties  and  7  ties  per  minute,  place  them  in 
proper  position  for  the  feed-chains,  it  is  a  somewhat  difficult  mat- 
ter for  them  to  accomplish  their  work  and  maintain  the  necessary 
speed,  especially  when  working  from  the  bottom  of  the  tram. 
Without  the  use  of  skidways  there  is  an  unavoidable  delay  when 
changing  trams.  Both  of  these  faults  are  obviated  by  the  use  of 
skidways  with  capacity  for  at  least  1  full  tram-load  of  ties,  and 
some  method  of  mechanically  removing  the  load  from  the  tram-car 
to  them. 

The  Pittsburgh  Wood  Preserving  Company  installed  a  tilting 
track  in  front  of  the  machine  at  Adelaide,  on  which  the  loaded 
trams  were  locked  and  tilted  to  an  angle  that  would  cause  the  ties 
to  drop  to  the  skidways  in  front  of  the  machine.  The  American 
Creosoting  Company  installed  an  elevating  device  in  front  of  the 
machines  at  Paterson  and  Kansas  City,  arranged  to  wind  up 
chains  that  lifted  the  load  to  the  skidways,  permitting  the  tram- 
car  to  remain  in  position  on  the  track.  Both  methods  proved  to  be 
successful  time  and  labor  savers. 

After  the  first  few  stationary  plants  had  been  erected  it  was 
found  that  commercial  tie-yards  and  treating  plants  would  require 
machines  built  with  a  wide  range  of  adjustment  for  gauge,  since 
they  were  receiving  calls  for  machined  ties  for  widths  of  gauge  of 
from  3^  ft.  to  5  ft.,  and  as  at  this  time  the  idea  of  combining 
adzing  and  boring  mechanical  details  in  one  frame  was  being 
dropped  and  the  machines  constructed  in  independent  units  the 
wide  range  of  adjustment  was  also  embodied  in  the  new  desigrn. 
The  first  installation  of  this  class  made  was  in  the  plant  of  the 
American  Creosote  Works  of  New  Orleans. 

Rather  minor  details,  really  of  vital  importance  in  the  successful 
operation  of  stationary  plants,  must  be  taken  into  consideration. 
Prominent  among  these  is  the  best  method  of  returning  the  empty 
tram,  means  of  quickly  and  correctly  topping  off  the  loads,  type  of 
foundation,  and  power  removal  of  refuse  and  prevention  of  acci- 
dents. 

Early  installations  were  made  where  empty  trams  were  arranged 
to  be  moved  to  the  rear  of  machine  passing  over  2  turntables  placed 
just  outside  of  the  mill  building.  This  has  proven  to  be  not  so  good 
as  a  continuous  half  circle  track  connecting  the  ingoing  and  out- 
going lines  around  which  the  empties  may  be  passed  without  de- 
railment. Loading  trams  were  topped  off  to  the  bail  circle  either 
by  the  eye,  or  against  a  too  rigid  form,  or  one  too  lightly  con- 
structed. It  has  been  found  advisable  to  have  a  strongly  con- 
structed quarter-circle  form,  pivotally  mounted  back  of  the  trams, 
indicating  the  correct  bail  outline  half-way.     This,  together  with 
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the  body  of  the  tram  car,  produces  a  full  three-quarters  of  the 
finished  circle  for  the  tie-handlers  to  load  to,  and  if  the  ties  bind 
against  the  form  it  swings  free  from  the  load  and  does  not  inter- 
fere with  its  progress  from  the  mill. 

Foundations  should  be  provided  which  do  not  go  far  below  the 
ground  surface,  since  many  tie-plants  are  so  located  that  surface- 
water  would  enter  and  cause  serious  trouble.  Sufficient  head-room 
above  the  foundation  and  below  the  base  of  the  machines  must  be 
provided  for  the  refuse  removal  system.  Power  transmission  is 
best  placed  on  top  of  the  platform  on  which  the  machines  rest. 

Adzing  head-shavings,  boringrs  from  the  bits  and  dust  from  the 
trim-saws  are  best  collected  by  a  rather  large-size  shavings  exhaust 
fan  of  special  design  built  to  properly  handle  the  extra  long  shav- 
ings produced  by  the  adzing  head-knives.  This  form  of  fan  is 
demanded,  not  only  because  of  the  length  of  these  shavings,  or 
chips,  but  also  because  this  cut  is  made  so  quickly  that  the  fan 
gathers  them  from  a  machine  which  produces  them  evenly. 

What  to  do  with  the  shavings  after  the  fan  has  collected  them 
has  always  been  more  or  less  of  a  problem.  They  may  be  blown 
through  a  long  discharge-pipe  to  the  power-house,  and  burned  as 
fuel,  but  since  the  tie-machining  plant  should  not  be  placed  too 
close  to  the  power-house  this  is  hardly  an  acceptable  solution, 
although  it  has  been  successfully  operated.  Probably  the  best 
method  is  to  provide  an  old  box-car  which  may  be  switched  to  a 
point  near  the  machine,  the  shavings  blown  directly  into  it,  and 
when  filled  have  it  switched  to  the  power-plant,  emptied,  and 
returned. 

The  tie  ends  produced  by  the  trim-saws  are  best  collected  by  a 
double  endless-chain  conveyor,  placed  in  the  pit  beneath  the  ma- 
chine, and  delivered  to  a  second  oblique  conveyor,  arranged  to  ele- 
vate them  to  a  large  hopper,  where  they  may  be  accumulated,  and 
from  where  they  can  be  removed  through  a  swinging  trap-door  by 
a  wagon,  or  car,  and  used  for  fuel. 

The  adzing  and  boring  machine  line  with  which  your  Committee 
is  familiar  was  started  in  1908,  and  has  progressed  steadily  in  use 
and  mechanical  development,  from  that  time  until  the  present, 
except  during  the  period  in  which  this  country's  industry  was 
checked  by  the  world  war,  and  the  number  of  plants  put  into  oper- 
ation prior  to  1916  would  indicate  that  the  necessity  of  machining 
cross-ties  was  being  quite  generally  accepted,  and  the  division  be- 
tween the  2  types  of  stationary  and  portable  installation  is  so 
nearly  equal  that  we  are  led  to  believe  that  both  types  must  have 
nearly  an  equal  number  of  arguments  in  their  favor. 
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Some  smaller  plants  have  been  made  than  those  used  for  stand- 
ard railroad  work.     The  Boston   Elevated   Railroad   has  one   of 


c 


these  portably  mounted  in  an  old  street-car.    Power  is  delivered 
to  it  by  an  electric  motor,  which  receives  its  current  from  the 
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trolley  wire.  This  machine  has  been  in  very  successful  operation 
for  several  years  at  City  Point,  Boston.  Since  there  is  not  suffi- 
cient room  in  the  car  for  the  knife  grinder,  or  work  benches,  these 
are  set  up  in  a  shop  nearby,  and  the  other  auxiliary  features  are 
dispensed  with. 

The  Milwaukee  Electric  Railway  Company  has  a  similar  outfit 
mounted  on  heavy  timber  skidways,  which  also  support  a  small 
house  to  cover  the  machine  and  its  driving  motor.  This  plant  is 
used  in  the  tie-yard,  and  is  moved  from  pile  to  pile  on  large  wooden 
rollers. 

As  an  illustration  of  the  extremes  in  tie  sizes  that  must  be  pro- 
vided for,  we  would  cite  the  fact  that  the  Panama  Railroad  has 
one  of  the  standard  machines  erected  in  a  stationary  plant  at 
Colon,  Isthmus  of  Panama.  The  principal  ties  are  of  lig^um-vitse. 
They  are  bored  for  6  ft.  gauge,  and  are  unusually  heavy  and  long. 

While  the  Santa  Fe  have  2  stationary  plants  at  Somerville, 
Tex.,  and  1  at  Albuquerque,  N.  M.,  they  are  quite  favorable  toward 
the  portable  type  for  certain  classes  of  work.  For  several  years 
the  standard  stationary  plant  consisted  of  the  trim-saw,  the  adzing 
and  boring  machine,  and  the  branding  device,  while  the  portable 
plant  was  always  built  without  the  trim-saws.  The  last  machine 
they  added  to  their  equipment  was  necessarily  built  portable,  but 
they  were  so  strongly  in  favor  of  the  use  of  the  trim-saws  that 
the  manufacturers  were  called  upon  to  build  them  a  portable  plant 
with  this  feature  included. 

A  standard  steel  underframe  car  of  80,000  lbs.  capacity,  having 
a  platform  9^  ft.  wide,  50  ft.  long,  with  a  special  body  built 
thereon  was  used.  The  trim-saw  was  placed  in  one  end  of  the  car, 
the  adzing  machine,  boring  machine,  and  branding  device  were 
placed  in  the  center  of  the  car,  and  a  105  H.  P.  6-cylinder  gasoline 
engine  power-plant  with  its  fuel,  oil,  and  water-tanks,  etc.,  in  the 
opposite  end  of  the  car. 

Ties  entered  the  car  on  in-feed  conveyors,  passed  through  the 
trim-saws,  which  dropped  them  onto  a  special  conveyor  that  auto- 
matically passed  them  endwise  to  a  position,  in  front  of  the  adzing 
machine  where  they  were  automatically  picked  up  by  the  machine's 
feeding  arrangement,  and  passed  through  the  adzing,  boring  and 
branding  operation,  and  delivered  from  the  car  over  out-feed  con- 
veyors fitted  with  an  accumulating  device.  Thus  the  ties  enter 
and  leave  the  car  on  the  same  side. 

Ties  are  handled  to  and  from  this  portable  plant  in  a  different 
manner  than  any  other.  The  car  is  switched  off  on  a  temporary 
piece  of  track  to  a  permanent  yard  location  alongside  of  a  tram-car 
track.    Trains  of  loaded  tram-cars  are  stopped  on  this  track  near 
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the  tie-machine  car.    A  loaded  tram-car  is  placed  in  front  of  the 
in-feed  conveyors,  and  an  empty  one  at  the  out-feed  conveyors. 
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As  the  loaded  tram  is  emptied  the  other  is  filled,  and  the  trams 
then  moved  along  by  rope-haul.     The  load  of  machined  ties  pro- 
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ceeds  toward  the  retorts,  the  empty  tram  is  moved  up  to  the  out- 
feed  conveyors,  and  another  loaded  tram  of  ties  cut  off  from  the 
train  and  moved  up  to  its  position  at  the  in-feed  conveyors.  In 
this  manner  the  plant  operation  is  carried  on  exactly  as  in  the  most 
modem  stationary  plant,  except  that  it  lacks  the  tram-car  unload- 
ing device  which  is  now  offered  as  a  standard  part  of  the  stationary 
equipment. 

This  plant  includes  a  second  car  which  forms  the  tool  room. 
This  is  a  standard  box-car,  36  ft  long.  It  contains  a  4-cylinder 
gasoline  engine  which  furnishes  power  for  the  toob  in  the  car, 
and  is  also  directly  connected  to  a  generator  which  provides  cur- 
rent for  lighting  both  cars.  The  equipment  further  includes  an 
automatic  saw  gummer  for  the  trim-saws,  an  automatic  knife- 
grinder  for  the  adzing  head  knives,  and  usual  complement  of  work 
benches  and  mechanic's  hand-tools  and  supplies. 

The  tie-machining  car  is  self-propelling,  and  among  the  auxiliary 
features  are  the  double  capstans  and  rope-haul  for  moving  tram- 
cars,  a  shavings  exhaust  system,  which  delivers  the  dust  and  chips 
to  a  temporary  house  constructed  nearby,  a  small  gasoline  engine 
for  starting  the  large  one,  a  water-cooling  tower  for  cooling  the 
circulating  water  of  the  power-plants,  and  the  main  machines  are 
of  the  lastest  design.  This  is  tbe  most  complete  portable  tie-machin- 
ing plant  thus  far  erected. 

This  type  of  plant  is  particularly  adapted  to  the  needs  of  rail- 
road companies  that  wish  to  purchase  machined  ties  from  com- 
mercial creosoting  plante  and  own  their  own  equipment  for  pro- 
ducing them.  It  has  practically  all  of  the  ^dvanteges  of  the  sta- 
tionary type  when  in  operation,  and  can  very  readily  be  moved 
from  one  yard  to  another  as  the  company  changes  its  contracts. 

In  the  selection  of  stationary  tie-machining  plant  equipment  it 
is  best  to  instell,  or  at  least  provide  for  the  entire  outfit  in  most 
cases.  The  mechanical  deteils  are  such  that  any  part  may  be  omit- 
ted and  added  later  without  change  in  the  general  instaUation, 
except  that  where  machines  are  left  out,  filling  conveyors  must  be 
temporarily  installed  in  their  space.  The  auxiliary  equipment  is 
practically  the  same,  regardless  of  whether  the  complete  4-unit 
type  is  used  or  not.  Compressed  air  must  be  furnished  for  operat- 
ing the  branding  machine,  either  from  the  main  power-house,  or 
from  a  small  single-stage  compressor,  having  a  capacity  of  about 
25  ft.  per  minute  at  80  lbs.  pressure. 

The  mill  building  is  1  story  high,  14  ft.  to  the  plate  with  gable 
roof.  It  is  66  ft.  6  ins.  long  by  36  ft.  6  in.  wide.  A  shed,  roofed 
lean-to  at  one  side,  forms  the  tool-room.     The  tram-track  enters 
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one  side  of  the  building  near  one  end,  passes  through  the  building, 
returns  on  the  rear  side  in  semi-circular  form,  and  again  passes 
through  the  building  near  the  opposite  end,  and  this  loop  forms  the 
incoming  and  outgoing  tram-car  tracks. 

The  building  should  be  placed  at  least  800  ft.  from  the  main 
tracks  that  its  tracks  be  unobstructed  for  sufficient  length  to  pro- 
vide storage  for  2  complete  trains  of  trams.  From  the  point  where 
the  ingoing  track  enters  the  mill  building  and  on,  it  should  have  a 
descent  of  1^%  down-grade  that  the  trams  may  be  easily  moved 
through  the  mill  around  the  return,  and  from  the  mill  after 
reloading. 

The  general  machine  foundation,  placed  a  little  beyond  the  cen- 
ter of  the  building,  is  a  concrete  floor  with  its  top  surface  practi- 
cally flush  with  the  surrounding  ground  level.  Concrete  walls  and 
posts  about  5  ft.  high  carry  from  this  foundation  wood  beams  that 
support  a  timber  floor  that  the  machines  rest  on.  The  floor  is  of 
4  in.  plank  to  which  the  machines  are  bolted  to  keep  them  in  place, 
but  the  actual  weight  of  the  machinery  is  carried  by  the  timbers 
and  concrete  below. 

In  front  of  the  machines,  and  over  the  incoming  track  is  erected 
the  tie  tram-car  unloading  device.  This  consists  of  a  worm-gear 
drive  double  hoist  with  direct-connected  electric  motor.  Double 
chains  from  the  drums  hang  downward  to  an  equalizing  bar  from 
which  are  suspended  additional  double  chains  that  connect  with 
long  steel  links  that  rest  in  slots  in  the  floor  and  returning  up- 
ward connect  at  their  top  ends  with  heavy  cast  iron  abutments 
even  in  height  with  the  top  of  the  tram-car. 

As  the  loaded  trams  enter  the  mill  they  pass  through  the  loop 
formed  by  the  chains  and  links,  and  when  the  unloading  device  is 
started  the  chains  wind  up,  lifting  the  load  of  ties  from  the  trams 
and  rolling  them  over  the  abutments,  deposit  them  on  the  skidways 
in  front  of  the  machines. 

The  motor  for  this  hoist  should  be  of  special  type,  arranged  for 
elevator  service,  and  to  run  in  both  directions.  If  electric  current 
is  not  available  this  device  may  be  efficiently  installed  and  operated 
with  belt-drive  from  the  main-line  shaft.  Two  sections  of  railroad 
rail  are  suspended  from  overhead  about  midway  of  the  skid  length 
to  prevent  the  ties  from  falling  as  far  as  the  machine  conveyors. 

In-feed  conveyors,  approximately  8  ft.  long,  are  provided  for  de- 
livering ties  from  the  skidways  to  the  machines.  The  ties  are 
placed  on  these  by  2  laborers  who  must  see  that  they  are  the  proper 
side  up  and  in  correct  location  against  an  end  stop.  From  this 
point  they  pass  automatically  through  the  machines. 
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The  trim-saws  are  placed  first  in  the  machines  train.  Most  ties, 
and  particularly  those  of  yellow  pine,  should  be  trimmed  for  in- 
spection of  their  internal  state  of  preservation.  Ties  having 
S-irons  in  their  ends  cannot  be  trimmed,  nor  passed  through  the 
machine,  when  the  saws  are  in  running  position.  The  occasional 
ironed  tie  can  be  removed  by  the  laborers  in  front  of  the  machine, 
but  where  the  saws  are  used,  care  should  be  taken  that  ironed  ties 
be  selected  out  and  a  quantity  of  them  run  at  one  time  with  the 
saws  moved  back  from  their  cutting  position. 

The  adzing  machine  is  placed  second  in  train,  and  must  be  pro- 
vided with  modem  equalizing  cradles  that  automatically  raise  and 
lower  the  ties  for  adzing  to  a  depth  proportioned  to  their  crooked- 
ness, thus  cutting  away  sufficient  timber  to  give  good  plate-bearing 
without  going  so  deep  that  it  will  really  weaken  any  of  the  ties. 

The  boring  machine  is  placed  next  in  train,  and  should  be 
equipped  with  at  least  8  bit-spindles.  When  but  4  holes  are 
required  for  spikes  it  has  been  found  advantageous  to  bore  addi- 
tional holes  with  the  remaining  spindles  for  later  use  in  re-spiking, 
and  also  for  additional  penetration  of  creosote. 

The  branding  machine  is  placed  last  in  the  train.  This  consists 
of  double  pneumatic  cylinders,  one  at  each  end  of  the  tie,  whose 
pistons  carry  dies  on  their  forward  end,  arranged  to  stamp  identifi- 
cation characters  into  the  tie,  thus  branding  it  with  a  stamp  of 
ownership  and  date  of  treatment,  and  effectively  doing  away  with 
the  use  of  dating  nails.  Since  the  dies  must  not  strike  S-irons,  the 
operator  is  provided  with  a  control  lever  for  stopping  the  action  of 
the  brander  as  an  ironed  tie  passes  through. 

Out-feed  conveyors,  about  8  ft.  long,  must  be  provided  for  carry- 
ing the  ties  from  the  machines  to  the  outgoing  tram.  These 
should  be  equipped  with  an  accumulating  device  for  coUecting  ties 
and  permitting  the  exchange  of  tram-cars  without  stopping  the 
operation  of  the  machines.  The  outgoing  conveyors  must  be  hinged 
at  the  machine  and  counterbalanced  at  their  outer  end  that  they 
may  be  raised  and  lowered  by  laborers,  who  straighten  the  ties  in 
the  tram,  bringing  the  conveyors  down  to  a  low  position  when  the 
trams  are  empty  and  raising  them  to  the  easiest  working  position 
as  the  load  increases  in  height. 

A  pivotally-mounted  loading  form  must  be  provided  to  the  rear 
of  the  outgoing  tram-track  to  indicate  the  outline  of  the  bales  and 
assist  the  car-loaders  in  properly  finishing  off  the  load.  The  shav- 
ings exhaust  system  and  refuse  removal  conveyors  are  placed  be- 
neath the  platform  that  supports  the  machines.  The  principal 
countershafting  and  belting  for  driving  the  machines  are  located 
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•  on  top  of  the  main  platform.  If  electrical  current  is  available  the 
following  motors  should  be  supplied:  For  the  main  machine,  75 
H.  P.;  for  the  fan,  15  H.  P.;  for  the  unloading  device,  7%  H.  P., 
and  for  the  tool-room  3  H.  P.  If  the  trim-saws  are  omitted,  the 
75  H.  P.  may  be  reduced  to  50  H.  P. 

The  tool-room  must  be  equipped  with  an  automatic  adzing  knife- 
grinder,  an  automatic  saw-gummer,  2  work-benches,  a  set  of  me- 
chanic's hand  tools  and  vises,  and  the  necessary  jigs  and  material 
for  the  general  plant  maintenance. 

We  are  now  coming  to  a  time  when  the  installation  of  tie  per- 
forating, or  incising  machines,  in  connection  with  tie  adzing  and 
boring  equipment  will  be  a  matter  of  real  moment.  Mechanically, 
this  will  cause  some  complicat;jon,  but  no  difficulties  that  cannot 
be  overcome,  and  the  2  operations  performed  at  the  same  time  with 
1  handling. 

The  incising  machine  may  be  placed  in  advance  of  the  adzing 
and  boring  machine,  or  behind  it,  and  ties  incised  either  before  or 
after  the  other  machining  is  done.  However,  incised  ties  not  only 
more  readily  absorb  preservative,  but  if  this  work  is  performed 
when  they  are  green,  they  do  not  check  badly  in  seasoning.  It 
would  not  be  right  to  adze  and  bore  a  green  tie  and  allow  it  to  warp 
in  the  drying  process.  The  real  value  of  the  work  performed  would 
be  lost,  and  it  is,  therefore,  obvious  that  ties  should  be  adzed  and 
bored  after  seasoning,  and  just  before  treatment. 

It  would  be  best  to  run  green  ties  through  the  incising  machine 
at  the  saw-mill  where  they  are  manufactured  or  when  they  are 
first  received  in  the  tie-yard.  Pile  them  for  seasoning,  and  adze 
and  bore  them  on  their  way  from  the  piles  to  the  treating  cylinders. 
This  would  demand  practically  separate  plants  for  the  2  operations, 
and  also  cause  the  ties  to  be  handled  twice.  Whether  the  results 
obtained  would  justify  the  extra  expense  is  a  matter  that  must  be 
decided  by  local  conditions. 

It  is  believed  best  that  the  ties  be  seasoned,  if  the  operations 
are  to  be  performed  at  the  same  time.  Passing  incised  ties  through 
the  adzing  and  boring  machine  would  cause  no  complication  what- 
ever, while  passing  adzed  and  bored  ties  through  the  incising  ma- 
chine would  cause  the  top  incising  roll  to  ride  over  the  edges 
formd  by  the  adzing  heads,  thus  causing  extra  strains  on  its 
mechanism,  and  the  incising  teeth  would  to  a  certain  extent  injure 
the  freshly  adzed  true  plate  surface.  Therefore,  it  is  recommended 
that  incising  be  performed  in  advance  of  boring  and  adzing. 

Ties  must  pass  through  the  incising  machine  endwise,  and  the 
adzing  and  boring  machine  sidewise.    It  is,  therefore,  best  to  in- 
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stall  the  tie-unloading  device,  the  skidwayg  and  the  incising  ma- 
chine to  one  side  of  the  boring  and  adzing  machine.  In  operation, 
ties  should  be  dumped  on  the  skidways,  as  m  the  present  tie  adzing 
and  boring  plants,  from  the  skidways  they  would  be  placed  by 
hand  on  the  incising  machine  feed-rolls.  After  passing  through 
the  incising  machine  endwise,  they  would  be  picked  up  by  the 
boring  and  adzing  machine's  conveyors,  and  fed  sidewise  through 
these  machines  in  the  usual  manner.  The  transfer  from  the  rolls 
of  the  incising  machine  to  the  conveyors  of  the  boring  and  adzing 
machine  may  be  accomplished  automatically,  or  by  hand. 

D.  W.  Edwards,  Chairman, 

J.  H.  CURBY, 

R.  H.  Moore, 
J.  M.  Weber. 

The  President:  While  the  room  is  still  dark  we  would  like  to 
call  on  Mr.  Wheeler.    I  believe  Mr.  Wheeler  has  some  slides. 

Mr.  C.  L.  Wheeler:  I  gave  my  slides  to  Mr.  Edwards.  The 
only  thing  that  I  might  add  aside  from  the  description  of  the  ma- 
chine would  be  to  relate  our  experience  in  perforating  the  first 
60,000  ties.  I  noticed  there  was  considerable  applause  this  after- 
noon when  someone  remarked  about  the  interest  they  wished  the 
Association  would  take  in  progressive  steps  and  as  this  incising 
machine  is  considered  a  progressive  operation  the  Association 
would  probably  be  interested  in  a  brief  report  upon  the  perforating, 
or  incising,  of  the  first  60,000  ties  at  our  plant. 

Last  fall  we  installed  in  our  yard  a  machine  of  the  type  just 
shown  on  the  screen.  In  speaking  of  the  manner  in  which  it  was 
set  up  I  will  discuss  it  in  the  manner  and  as  we  thought  it  best 
adapted  to  our  yard  and  conditions,  and  not  as  it  would  probably  be 
set  up  in  an  ideal  yard. 

We  placed  the  machine  between  2  convergent  tracks  where  we 
could  readily  feed  to  it  ties  from  flat-cars  and  have  the  out-feed 
convey  them  again  onto  flat-cars.  The  elevation  of  the  in-feed 
was  about  3^  ft.  above  the  level  of  the  flat-car.  One  would  prob- 
ably use  a  different  elevation  than  we  used  if  they  were  going  to 
load  directly  into  tram-cars.  The  machine  was  placed  on  a  plat- 
form with  emergency  space  for  about  500  ties  provided  for  so  that 
we  could  keep  the  machine  running  during  periods  when  we  were 
switching  out  or  replacing  loads  or  empty  cars.  We  could  use  this 
space  as  we  had  a  locomotive  crane  which  could  readily  set  over  or 
forward  sling  load  lots.  This  operation  proved  to  be  an  economical 
oi>eration  as  it  kept  the  machine  running. 
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In  incising  the  first  60,000  ties  we  observed  the  following  facts: 
The  massive  construction  of  the  machine,  which  is  often  criticised 
upon  first  inspection,  seems  to  be  justified  by  its  stability  when 
called  upon  to  undergo  unnatural  strains.  Such  strains  might  de- 
velop when  an  inspector  fails  to  throw  out  1  in.  to  1^  ins.  over- 
size tie.  Of  course,  oversize  is  not  considered  a  defect,  but  when 
a  tie  of  this  type  passes  the  corrugated  feed-roll,  and  strikes  the 
spring  tension  roll,  or  incising  cylinders,  there  is  a  terrific  strain 
on  the  machine.  The  machine  takes  care  of  such  emergencies 
nicely. 

The  specifications  with  the  machine  call  for  a  capacity  of  72 
lineal  feet  per  minute.  We  have  run  ties  through  the  machine  at 
this  speed.  However,  we  were  unable  to  operate  it  steadily  at  that 
rate,  for  the  reason  that  most  of  the  ties  which  we  have  been  run- 
ning were  inspected  as  they  left  the  cars  to  be  placed  in  the  feed- 
rolls.  These  ties  were  brought  to  the  yard  from  mills  without 
previous  inspection.  Often  we  had  to  turn  a  tie  over,  or  move  it 
to  one  side.  Of  course,  under  these  conditions  the  machine  was 
not  running  to  capacity.  We  have,  however,  been  running  the 
machine  at  a  rate  of  better  than  6  ties  per  minute. 

To  improve  the  feeding  to  a  maximum  efficiency  the  plan  sug- 
gested and  portrayed  with  slides  by  Mr.  Edwards  should  be  fol- 
lowed, or  if  one  were  in  the  position  to  feed  them  from  water- 
storage  where  ties  could  be  readily  placed  on  a  long  conveyor. 
The  elimination  of  inspection  at  the  time  of  feeding  to  the  ma- 
chine is  essential,  if  possible. 

The  15  H.  P.  motor  described  by  Mr.  Edwards  has  sufficient 
power  to  take  care  of  the  machine  at  all  times. 

To  operate  the  machine,  under  the  conditions  we  had  at  St. 
Helens,  at  the  rate  of  7  ties  per  minute  we  used  4  men.  We  had 
to  use  an  additional  man  in  operating  at  the  rate  of  9  ties  per 
minute.  If  one  were  feeding  the  ties  into  retort-cars,  and  had 
some  auxilliary  feeding,  such  as  heretofore  suggested,  the  machine 
would  be  practically  automatic,  except  for  the  labor  of  2  men. 

No  one  part  of  the  machine  seems  to  be  out  of  proportion  with 
the  balance  of  the  machine.  There  have  been  several  minor  ad- 
justments, such  as  the  changing  of  springs  and  tensions  thereon, 
in  order  to  properly  transfer  power  and  get  even  penetration  with 
the  teeth. 

As  to  the  cost  of  operation,  which  I  presume  is  one  of  the  most 
important  items,  we  are  running  ties  through  the  machine  at  a 
cost  of  1^  cents  each.  Of  course,  the  cost  varies  in  proportion 
with  the  number  of  items  which  are  listed  as  perforating,  or  incis- 
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ing,  costs.  There  would  be  a  variation  in  the  cost  when  loading 
ties  into  retort-cars  onto  flat-cars  for  forwarding  to  seasoning 
yard,  or  in  placing  them  in  box-cars  for  shipment.  The  manner 
in  which  ties  arrive  at  the  machine  also  affects  our  cost.  To  place 
ties  in  the  seasoning  yard,  forward  to  and  feed  through  the  incis- 
ing machine,  later  placing  in  storage,  or  in  cars  for  shipment,  it 
costs  between  3  cents  and  3^  cents  each. 

Of  the  60,000  ties  we  have  fed  through  the  machine,  one-half 
were  green  and  the  other  half  were  seasoned,  and  we  find  that  the 
seasoned  ties  seem  to  perforate  just  as  easily,  if  not  more  easily, 
than  the  green  ties.  If  there  are  any  questions  about  the  opera- 
tion of  the  machine  I  would  be  glad  to  try  to  answer  them. 

Mr.  J.  A.  Johnson:  I  would  like  to  ask  the  gentleman,  from 
his  knowledge,  if  he  has  experienced  trouble  in  using  previously 
bored  ties  in  old  track  that  may  be  out  of  line,  and  if  so,  how  do 
you  overcome  that? 

Mr.  C.  L.  WHEELEat:  We  do  not  operate  the  boring  machine,  are 
just  operating  the  perforating  machine. 

Mr.  D.  W.  Edwards  :  The  question  is  how  to  use  ties  of  standard 
gauge  in  track  which  has  widened  in  use.  It  is,  of  course,  obvious 
that  it  is  necessary  to  bring  the  track  back  to  gauge.  However, 
whether  you  actually  do  bring  the  track  back  to  grauge  or  not,  even 
if  that  were  entirely  lost  sight  of,  the  boring  operation  has  more 
than  paid,  due  to  the  penetration  of  the  creosote  at  that  point 
made  possible  by  having  the  tie  bored. 

In  that  connection  I  will  say  that  machines  are  made  with  any 
number  of  spindles  that  are  required  for  boring  any  number  of 
holes  in  each  end  of  the  tie,  usually  4  holes  in  each  end,  or  8  holes. 
If  you  are  only  using  2  holes  it  pays  to  bore  4  to  get  the  penetra- 
tion of  the  creosote. 

Mr.  F.  N.  Graham:  All  this  discussion  about  perforating  re- 
fers to  cross-ties.  Has  not  some  consideration  been  given  to  other 
material,  such  as  bridge  stringers  and  caps? 

Mr.  D.  W.  Edwards:  In  designing  the  incising  machine  the 
question  came  up  as  to  what  would  have  to  be  provided  for  and 
various  sizes  of  timber  ranging  all  the  way  from  3  by  6  to  14  by 
20  were  suggested.  It  will  be  absolutely  impossible  to  put  a  com- 
mercially successful  machine  on  the  market  that  would  take  care 
of  all  that  range.  Therefore,  it  was  decided  to  first  bring  out  a 
machine  made  for  ties  and  this  machine  has  a  range  of  from  3 
ins.  to  6  ins.  by  10  ins.  to  14  ins.,  and  will  take  care  of  anything 
within  that  dimension,  whether  it  be  ties,  or  what  not.  My  per- . 
sonal  view  is  that  we  are  bound  to  have  some  weakenings,  due  to 
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incising,  and  I  doubt  very  much  whether  bridge  engineers  are 
going  to  let  us  incise  their  timber. 

Mr.  F.  N.  Graham:  That  is  just  exactly  the  point  I  wanted 
to  get  at. 

Mr.  D.  W.  Edwards:  In  connection  with  the  question  of  incis- 
ing, or  perforating,  ties  there  is  a  lot  of  discussion  as  to  how  fre- 
quent an  incision  should  be  made,  just  how  they  should  be  spread, 
just  what  form  they  should  be.  That,  I  think,  must  be  worked  out 
entirely  from  experience.  The  machine  illustrated  is  designed  so 
that  any  spacing  crosswise  of  the  tie  may  be  taken  care  of.  The 
tie  shown  is  spaced  1%  inches.  If  you  want  to  increase  that,  or 
decrease  it,  it  is  a  very  simple  matter.  Lengthwise  of  the  tie 
they  occur  every  2  inches.  There  is  no  adjustment  that  way,  but 
it  can  be  made  4  ins.  by  taking  out  every  other  row  of  teeth. 

There  are  a  great  many  different  ideas  as  to  the  form  of  tooth, 
and  whether  that  tooth  should  separate  the  grrain.  Whatever  is 
practical  we  will  have  to  work  out.  The  question  is  whether  we 
want  to  use  a  spade  form  of  tooth  that  separates  the  grrain,  or 
a  chisel  type  that  actually  severs  it.  The  tooth  itself  is  so  designed 
that  it  will  not  cost  a  great  deal  to  put  an  entirely  new  set  into  the 
machine.    It  takes  about  1,000  teeth  to  fill  a  machine  once. 

The  President:     Is  there  any  further  discussion? 

Mr.  C.  E.  Goslinb:  I  should  still  like  to  know  how  much  quicker 
the  perforated  tie  can  be  treated  than  a  tie  that  has  not  been 
perforated. 

Mr.  R.  E.  DbMuth:  Mr.  President,  the  air-dried  perforated 
fir  tie  samples  exhibited  were  creosoted  in  about  12  hours,  which  is 
also  the  period  of  time  required  for  creosoting  non-perforated  fir 
ties.  The  idea  in  perforating  fir  ties  is  to  secure  an  uniform  dis- 
tribution and  penetration  of  preservative,  consequently  there  is 
no  difference  in  the  time  of  treatment. 

Mr.  H.  E.  Horrocks:  I  just  wanted  to  tell  you  our  experience 
about  5  years  ago.  As  far  as  this  question  of  cross-cutting  fibers 
is  concerned,  it  is  a  serious  mistake.  I  do  not  think  there  is  any 
necessity  for  it,  and  in  the  work  we  were  engaged  in  5  years  ago 
we  perforated  on  various  spacings ;  we  did  not  have  in  any  instance 
a  cross-cut  fiber,  and  we  obtained  in  every  instance  penetration 
equal  to  these  samples  shown  you. 

Mr.  Geo.  M.  Hunt:  Mr.  Horrocks  presents  one  side  and  I 
should  like  to  present  the  other  side  of  the  subject.  In  my  opinion 
you  can  only  get  penetration  in  Douglas  fir  and  many  other  species 
by  severing  fibers.  We  all  know  that  you  get  very  little  side  pene- 
tration in  a  check  in  Douglas  fir.     There  are  no  fibers  severed. 
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You  get  good  penetration  in  the  end  of  a  tie,  that  is,  through  the 
fibers  which  are  severed.  Now,  I  believe  that  if  a  tool  could  be  de- 
signed which  would  make  a  hole  in  a  fir  tie  without  severing  any 
fibers  it  would  do  you  very  little  good.  These  tools  which  ap- 
parently do  not  sever  fibers  do  really  sever  enough  to  give  you 
the  penetration,  and  I  do  not  believe  it  is  possible  to  get  penetration 
like  that  without  cutting  fibers,  and  a  lot  of  them. 

The  President:  If  there  is  nothing  further  we  will  adjourn 
until  10  o'clock  tomorrow  morning. 

THURSDAY  MORNING  SESSION 
January  27,  1921 

The  President:  The  meeting  will  please  come  to  order.  The 
Chairman  has  been  instructed  to  appoint  a  San  Francisco  Bay 
Steering  Committee  to  act  as  a  nucleus  for  next  year.  The  Com- 
mittee is  as  follows:  F.  D.  Mattos,  R.  O.  West,  C.  A.  Kofoid, 
W.  C.  Ball,  C.  E.  Cortes,  A.  A.  Brown,  L.  D.  Jurs,  C.  L.  Hill 
(Chairman) . 

The  first  paper  on  the  program  is  the  "Use  of  Creosoted-Wood 
Conduit  on  Pacific  Coast,''  by  Mr.  Judson  and  Mr.  Wismer. 

USE  OF  CREOSOTED-WOOD  CONDUIT  ON  PACIFIC  COAST. 
By  C.  H.  Judson  and  E.  Wismer. 

The  adoption  of  creosoted  wood  for  underground  conduit  by 
the  low-tension  wire  companies  of  the  Pacific  Coast  was  the  re- 
sult of  recommendations  made  in  1906  by  our  consulting  engi- 
neers of  the  General  Staff  of  the  American  Telephone  and 
Telegraph  Company  that  it  could  safely  be  employed  as  an 
equivalent  to  the  best  material  then  known — ^vitrified  clay. 

The  underground  avenues  in  which  are  laid  the  lead-sheathed 
cables  are  perhaps  the  portion  of  the  telephone  plant  that  is 
least  likely  to  be  changed  or  supplanted  because  of  changes  in 
the  art.  Neither  do  municipal  orders  interfere  with  such  con- 
struction, except  in  the  cases  of  changes  of  street  grades  which 
cases  are  exceedingly  rare.  So  it  may  be  assumed  that  it  is  ex- 
tremely desirable  to  construct  these  subways  of  a  material  that 
is,  so  far  as  possible,  imperishable.  Long  life  is  what  is  sought 
for,  and  the  longer  the  life  and  the  lower  the  annual  charges, 
the  more  nearly  ideal  is  the  construction. 

Prior  to  the  adoption  of  creosoted  wood  for  conduit  on  the 
Pacific  Coast,  the  only  enduring  materials  which  had  been  in- 
stalled were  vitrified  clay  and  concrete.     Vitrified  clay  was,  and 
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«till  is,  used  very  largely,  and  from  the  standpoint  of  freedom 
from  decay  is  ideal,  while  the  cost  has  not  been  excessive.  Con- 
crete has  usually  proved  to  be  too  expensive,  and  has  been  little 
used.  With  a  view  to  obtaining  a  material  approaching  clay  in 
endurance  and  more  readily  obtainable,  creosoted  wood  has  been 
recommended  and  some  experimental  installations  made.  Later 
as  it  was  found  that  the  proper  treatment  of  the  wood  could  be 
obtained,  it  was  adopted  as  standard  conduit  material,  and  is 
now  to  be  found  in  the  subway  systems  in  practically  every  city 
on   the  coast. 

Bulletin  No.  14  issued  by  the  United  States  Department  of 
Agriculture  makes  this  statement:  "Timber  penetrated  by  creo- 
sote oil  will  never  rot." 

Not  only  will  it  never  rot,  but  it  appears  to  be  immune  from 
attacks  of  insects,  birds,  rodents,  and  all  the  lower  forms  of  ani- 
mal  organisms   and   fungi. 

In  the  light  of  this  information  it  is  easily  deducible  that  a 
properly  constructed  subway  composed  of  creosoted-wood  duct 
may  be  expected,  barring  mechanical  disturbances,  to  endure  for 
a  long  period  of  time.  It  seems  highly  probable  that,  as  these 
facts  become  better  known,  and  if  it  remains  possible  to  procure 
wood  conduit  at  reasonable  prices,  it  is  going  to  be  used  more 
and  more  for  the  reception  of  wires  and  cables  carrying  com- 
paratively weak  currents  as  well  as  for  pneumatic  tubes.  But 
the  creosoting  must  be  properly  done,  the  oil  must  be  right  and 
heated  to  the  right  temperature  but  not  so  hot  as  to  break  the 
structure  of  the  wood,  and  the  impregnation  must  be  complete. 

Obviously,  there  have  been  many  varieties  of  wood  used  for 
conduit  as  the  work  has  been  performed  in  various  sections  of 
the  country.  To  us  here  on  the  Pacific  Coast  the  most  adaptable, 
and  at  once  the  most  plentiful,  wood  is  fir  in  its  several  vari- 
ations, and  its  behavior  under  treatment  fully  warrants  its 
selection. 

Next,  after  the  consideration  of  life,  would  seem  to  be  cost. 
From  what  has  been  done  it  is  known  that  the  cost  of  creosoted- 
wood  conduit  in  place  on  the  Pacific  Coast  compares  favorably 
with  its  only  rival,  vitrified  clay.  Comparative  figures  vary  more 
or  less  according  to  the  freight,  but  the  average  has  been  en- 
tirely   satisfactory. 

In  many  respects  creosoted-wood  conduit  possesses  advan- 
tages over  vitrified  clay;  it  is  lighter,  requires  less  labor  in 
handling,  is  not  easily  damaged  in  transporting,  and  there  is 
practically  no  waste.      Creosoted-wood  conduit  almost  never  re- 
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quires  any  preparation  for  laying,  such  as  smoothing  out  the 
ducts,  or  smoothing  off  the  ends  of  the  conduit  which  is  so  fre- 
quently the  case  with  clay.  There  is  no  extensive  labor  involved 
in  the  preparation  of  the  protection,  inasmuch  as  it  is  merely  a 
wooden  plank,  instead  of  the  concrete  encasement  or  shield 
required  for  vitrified  clay. 

Creosoted-wood  conduit  can  be  laid  more  rapidly  than  vitri- 
fied clay  as  it  is  usually  in  long  lengths,  is  lighter  and  is  not 
subject  to  breakage.  There  is  no  special  treatment  required 
in  the  jointing  of  the  sections  as  in  some  other  types  of  conduit, 
the  ends  of  the  sections  being  mortised  and  tenoned  and  fit  so 
snugly  as  to  effectually  exclude  sand.  Creosoted-wood  conduit 
may  be  laid  by  any  common  laborer  of  average  intelligence, 
whereas  all  classes  of  conduit  requiring  concrete  encasement 
must  be  laid  by  men  with  considerable  experience,  if  it  is  to  be 
done  properly. 

Laying  creosoted-wood  duct  does  not  require  that  long  sec- 
tions of  trench  be  kept  open  for  great  periods  of  time,  since  the 
laying  proceeds  so  rapidly  that  the  trench  may  be  filled  very 
shortly  after  it  has  been  excavated,  and  in  sand  that  would  cave 
after  drying  it  is  usually  not  necessary  to  shore  a  shallow  trench. 
This  saving  of  time  in  installation  over  other  types  of  duct 
permits  of  restoring  the  street  to  its  former  condition,  or  of  re- 
paving  in  less  time,  much  to  the  satisfaction  of  city  officials. 
By  reason  of  the  square  section,  and  because  it  is  a  single- 
chamber  duct,  it  lays  up  in  an  ideal  manner,  and  can  be  arranged 
in  any  desirable  rectangular  form.  This  is  highly  important, 
since  the  presence  of  foreign  structures  in  the  streets  frequently 
requires  odd  and  peculiar  arrangement  of  ducts,  and  with  a 
multiple  duct  conduit  such  an  arrangement  is  not  always  pos- 
sible. Inasmuch  as  the  conduit  is  easily  cut  with  a  saw,  no  dif- 
ficulty is  experienced  in  laying  short  sections  wherever  they 
are  necessary. 

Creosoted-wood  conduit  is  very  flexible  and  will  withstand 
considerable  movement  before  the  joints  open,  and  it  is  there- 
fore a  very  satisfactory  type  of  construction  for  use  in  soils 
that  are  liable  to  movement  or  slipping,  as  in  the  case  of  filled 
ground  or  on  hillsides.  This  sort  of  soil  has  been  frequently  en- 
countered in  some  of  the  larger  cities  of  the  Pacific  Coast,  and 
the  wood  conduit  has  proven  satisfactory  in  these  cases. 

Wherever  a  conduit  run  must  be  moved  for  a  short  distance, 
either  vertically  or  horizontally,  creosoted  wood  presents  a  most 
desirable  form  for  the  replacement  of  the  original  conduit.  The 
wood  pipes  are  sawed  in  half,  and  the  cables  laid  in  the  lower 
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half  and  covered  with  the  top  half,  the  whole  being  bound  to- 
gether by  simple  mechanical  devices,  making  as  complete  an  en- 
casement as  though  whole  pipe  had  been  used.  While  this  is 
also  a  feature  of  other  types  of  conduit,  because  of  the  square 
section  of  the  wood  conduit,  the  laying  up  of  the  split  sections 
is  more  easily  accomplished  than  that  of  a  round  section.  There 
is  no  question  as  to  the  stability  of  the  structure  when  creosoted- 
wood  conduit  is  laid,  largely  because  of  its  form  and  the  long 
lengths  in  which  the  conduit  is  laid.  In  multiple  runs,  joints 
are  always  staggered  so  that  there  is  no  distinctly  weak  spot 
anjrwhere. 

The  smooth,  oily  interior  surface  of  the  creosoted-wood 
conduit  assists  the  installation  of  large  cables.  The  removal 
of  cables  in  cases  of  changes  in  sizes  is  easily  accomplished, 
whereas  with  almost  every  other  form  of  duct  old  cables  be- 
come fixed  by  the  settlement  of  the  lead  sheath  into  any  little 
unevenesses,  and  are  difficult  to  move. 

Wherever  it  becomes  necessary  to  repair  conduit  runs  for 
any  reason  whatever,  creosoted-wood  duct  construction  is  per- 
haps the  most  easily  handled,  for  a  section  can  be  cut  off  very 
quickly  and  a  split  section  re-installed,  sealed  with  any  good 
sealing  preparation,  and  nailed  together,  whereas  in  the  case 
of  almost  every  other  type  of  conduit  a  good  deal  of  care  must 
be  exercised  in  the  removal  and  replacement  of  the  duct  with  a 
consequent  increase  in  the  actual  amount  of  labor  involved.  In 
the  event  that  a  creosoted-wood  conduit  run  containing  cables 
must  be  moved,  it  is  rarely  necessary  to  remove  the  conduit,  in- 
asmuch as  the  construction  is  such  that  it  is  easily  handled  as 
a  unit  when  desired  or  as  single  ducts  if  preferred. 

Trench  for  the  installation  of  creosoted-wood  conduit  need 
not  be  so  carefully  dug,  nor  so  straight,  as  required  for  other 
tjrpes.  A  narrow  trench  will  permit  of  the  economical  installa- 
tion of  creosoted-wood,  whereas  for  the  same  number  of  ducts 
of  any  other  type  where  concrete  must  be  used  more  room  is 
necessary  for  the  concrete  workmen  to  operate,  and  the  trench 
must  be  very  straight  in  order  that  the  sections  join  properly. 

Creosoted-wood  ducts  ordinarily  are  laid  directly  upon  the 
bottom  of  the  trench  on  1-inch  creosoted-wood  plank,  which, 
however,  is  only  used  for  the  purpose  of  levelling  up  the  struc- 
ture. The  stack  of  ducts  is  usually  protected  on  the  top  by  a  IH- 
inch  creosoted-wood  plank,  of  a  width  equal  to  that  of  the  ducts. 
There  is  no  further  operation  necessary  after  these  ducts  have 
been  laid  and  the  earth  is  thrown  into  the  trench  immediately 
after  the  top  plank  has  been  laid. 
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The    following    ilhistrations    show    ideal    cross-sections   And 
the  manner  of  laying  creosoted-wood  duct. 
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Conduit  Cross-Sections — Single  Wood  Duct. 
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LayinflT  Creosoted-Wood  Ducts. 

In  1908  when  a  large  amount  of  underground  construction 
was  installed  by  the  Pacific  Telephone  and  Telegraph  Company 
it  was  foreseen  that  the  rapidly  growing  outside  plant  and  con- 
sequent heavy  overhead  leads  would  tend  to  place  many  of  the 
wires  in  underground  cables.  Up  to  this  time  vitrified  clay  and 
paper  conduit  had  been  employed  for  subway  construction  and 
owing  to  the^  high  cost  of  installing  these  types  of  conduit,  the 
recommendations  favoring  the  use  of  creosoted-wood  conduit 
previously  referred  to  resulted  in  a  very  considerable  saving. 

The  first  subway  constructed  by  the  Pacific  Telephone  and 
Telegraph  Company  with  creosoted-wood  conduit  was  at  Port- 
land, Oregon,  in  1908.  As  a  consequence  of  the  successful  treat- 
ment of  this  timber  and  its  ease  of  installation  this  company 
has  installed  approximately  3,000,000  duct  feet  since  that  time, 
and  so  far  it  has  given  most  satisfactory  service. 

Douglas  fir,  likewise  known  as  yellow  fir,  western  fir,  Wash- 
ington fir,  Oregon  or  Puget  Sound  fir  or  pine.  Northwest  and 
West  Coast  fir,  has  been  used  in  all  of  this  conduit  as  it  possesses 
desirable  characteristics,  and  is  readily  procurable  in  territory 
adjacent  to  established  treating  plants. 

The  matter  of  developing  its  manufacture  was  not  an  easy 
one,  for  while  Douglas  fir  piles  and  heavy  timbers  were  being 
treated  successfully,  no  experiments  had  been  made  in  treating 
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this  timber  in  so  small  a  cross-sectional  dimension  as  wood  con- 
duit, and  the  heart  wood  of  Douglas  fir  does  not  readily  take  up 
the  oil. 

Wood  conduit  is  made  byl  boring  a  3% -inch  hole  in  a  solid 
piece  of  4% -inch  square  timber  in  lengths  from  2  feet  to  8  feet, 
having  a  mortise  and  tenon  end,  and  creosoted. 

Before  touching  upon  the  more  difficult  and  interesting 
operation  of  the  treating  process  we  will  follow  the  timber  from 
the  time  it  was  received  by  the  mill. 

The  stock  is  delivered  in  the  rough  about  5  inches  square,  in 
random  lengths,  and  is  first  planed  down  to  4%  inches.  It  then 
goes  to  the  cut-off,  where  it  is  cut  to  lengths,  and  the  defective 
sections  removed.  It  then  passes  to  the  borer,  where  a  2-inch 
hole  is  drilled  from  both  ends  meeting  in  the  center,  after  which 
a  3% -inch  reamer  is  passed  through  the  entire  length'  in  one 
operation  from  one  end. 

It  was  found  impracticable  to  drill  the  3% -inch  hole  in  one 
operation  as  the  aligniment  of  the  bit  could  not  be  controlled,  and 
when  bored  from  both  ends  the  tendency  to  deflect  resulted  in 
leaving  an  off-set  within  the  bore. 

At  first  a  3-inch  hole  was  bored,  but  due  to  shrinkage  of  the 
timber  during  seasoning,  the  bore  was  enlarged  %-inch  to  com- 
pensate for  this  loss,  as  a  minimum  diameter  of  3  inches  is  de- 
sired. 

The  mortise  and  tenon  ends  are  now  turned,  and  the  conduit 
is  ready  for  the  treating  process,  and  here  the  real  operation 
begins. 

The  conduit  is  inspected  before  treatment,  and  great  care 
exercised  not  to  include  pieces  having  knots  surrounded  with 
pitch,  or  pieces  having  pitch  seams  extending  into  the  bore,  as 
the  heat  melts  the  pitch  and  causes  the  knots  to  fall  out,  leaving 
open  checks  through  which  foreign  matter  may  enter  to  clog 
the  conduit  after  it  is  installed  in  the  ground. 

In  the  beginning  it  was  necessary  to  work  out  many  details 
of  the  process  of  manufacture,  as  the  conduit  section  was  much 
thinner  and  much  more  liable  to  damage  by  distortion  than  any 
form  of  timber  previously  treated  on  the  Pacific  Coast. 

The  employes  of  the  treating  plant  had  to  familiarize  them- 
selves more  or  less  with  novel  procedures.  The  pressure  and 
oil  gauges  and  the  thermometer  had  to  be  carefully  and  contin- 
uously read.  Unless  great  care  was  taken,  the  obtaining  of  a 
satisfactory  product  could  be  defeated  by  overheating  in  the  sea- 
soning process  and  by  omitting  to  care  for  many  other  details 
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in  the  handling  of  the  product.  In  the  first  treatment  nearly 
50%  of  the  output  became  unserviceable,  principally  from  in- 
sufficient attention  to  apparently  minor  but  actually  essential 
details,  but  final  cooperation  of  all  concerned  produced  satis- 
factory results  with  negligible  rejects. 

Experiments  were  also  made  to  determine  the  suitability 
of  hemlock  and  spruce,  but  it  was  found  that  these  timbers  have 
a  decided  tendency  to  split,  check,  and  warp,  during  the  treating 
process. 
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Detiffn  and  Sise  of  Cre<woted-Wood  Conduit. 

While  Douglas  fir  possesses  the  requisite  qualities  for  under- 
ground conduit,  it  is  not  durable  in  contact  with  the  soil,  and 
consequently  necessitates  a  preservative  treatment.  To  insure 
a  long  life  it  was  determined  that  the  thinnest  part  of  the  wall 
should  be  completely  impregnated  with  dead  oil  of  coal  tar  or 
coal-tar  creosote  and  experiments  indicated  such  a  penetration 
would  require  not  less  than  15  pounds  of  oil  per  cubic  foot  of 
timber.  Creosote  was  selected  for  the  preservative  agent  as  its 
principal  point  of  superiority  over  other  antiseptics  lies  in  its 
insolubility  in  water,  and  once  it  is  injected  into  the  timber  it 
will  not  leach  out. 

It  has  been  found  that  green  lumber  behaves  better  than 
seasoned  lumber  during  the  processes  of  mechanical  prepara- 
tion which  have  been  described  above.  In  consequence  of  this 
preference  for  green  lumber,  the  duct  as  it  comes  from  the 
shaping  machines  contains  considerable  ftnoisture  which  mtist 
be  removed,  either  before  it  is  placed  in  the  cylinder  to  be  treated 
with  preservative,  or  in  the  course  of  the  treating  process  after 
it  has  been  placed  in  the  cylinder.    Climatic  conditions  and  avail- 
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able  storage  facilities  preclude  air  seasoning  before  treatment, 
and  seasoning  by  kiln  drying  is  more  expensive  than  seasoning 
during  the  treating  process. 

In  consequence  of  these  considerations,  the  treating  pro- 
cess  selected  for  fir  conduit  is  an  adaptation  of  the  well  known 
boiling  process.  In  this  process  the  conduit  is  first  held  in  hot 
creosote  until  the  moisture  content  has  been  sufficiently  reduced 
to  render  it  more  permeable  and  better  prepared  for  receiving 
the  preservative.  The  creosote  is  then  forced  into  the  wood  un- 
der pressure  until  an  impregnation  of  15  lbs.  per  cubic  foot 
is  obtained.  As  will  be  seen  from  the  details  below,  a  full-cell 
treatment  is  sought  and  obtained  in  the  case  of  fir  conduit. 

The  salient  features  of  the  treating  process  arrived  at  will 
now  be  described. 

Seasoning  Process. — The  timber  is  immersed  in  dead  oil 
of  coal  tar,  and  kept  covered  during  the  entire  period  under  at 
least  4  inches  of  oil.  The  oil  on  admittance  to  the  cylinder 
should  be  at  a  temperature  of  from  155*"  F.  to  ISQ"*  F.,  then 
quickly  raised  to  203**  F.  and  held  at  between  203**  F.  to  208'' 
F.  during  the  remainder  of  the  seasoning  process. 

The  length  of  seasoning  and  temperature  of  oil  are  regu- 
lated by  the  condition  of  the  timber.  Seasoning  should  be  con- 
tinued until  such  time  as  the  amount  of  condensation  per  cubic 
foot  of  timber  indicates  that  the  interior  of  the  timber  is  dry. 
This  condition  is  practically  reached  when  the  condenser  yield 
drops  to  about  0.11  lb.  per  cubic  foot  per  hour. 

Many  experiments  were  made  to  establish  the  correct  tem- 
perature to  which  the  oil  should  be  heated.  If  too  hot  the  effect 
on  the  timber  was  that  of  burning,  indicated  by  a  charred  ap- 
pearance, besides  causing  the  duct  to  warp  and  check.  The 
latter  condition  would  also  result  if  the  temperature  was  raised 
too    suddenly. 

Filling  Process. — When  the  seasoning  process  has  been 
completed,  all  discharge  pipes  from  the  treating  cylinder  are 
closed  and  additional  oil  forced  in  under  pressure,  which  is 
gradually  increased  until  the  proper  quantity  has  been  taken 
up  by  the  timber.  At  the  end  of  1  hour  ^  pressure  of  55  to  110 
lbs.  is  generally  reached,  and  increased  to  between  120  and  125 
lbs.  at  the  end  of  the  treatment.  The  pressure  is  regulated  by 
the  ability  of  the  timber  to  take  up  the  oil.  The  temperature 
of  the  oil  during  this  process  is  reduced  to,  and  held  at,  about 
186**  F.  to  193**  F. 
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The  lengrth  of  the  treatments  ranges  from  6H  hours  to  3H 
hours  for  the  seasoning  process,  and  from  2  hours  to  3  hours 
for  the  filling  process. 

Protection  Plank. — In  the  installation  of  creosoted-wood 
conduit  a  1^-inch  creosoted  Douglas  fir  plank  is  laid  on  top 
of  the  duct  formation  to  serve  as  a  protective  measure,  but  as 
no  novel  features  are  encountered  in  the  manufacture  of  this 
planking,  the  treating  process  need  not  be  discussed,  except  to 
note  that  a  15-lb.  treatment  was  determined  upon  to  make  the 
life  of  the  plank  correspond  to  that  of  the  conduit. 

Conclusion. — In  conclusion  it  may  be  said  from  the  well 
known  records  showing  the  long  life  of  properly  creosoted  tim- 
ber, it  seems  reasonable  to  expect  that  there  will  be  long  and 
satisfactory  servi<ie  from  creosoted-fir  conduit  as  now  obtained 
so  far  as  the  deterioration  of  the  wood  is  concerned. 

The  foregoing  paper  limited  the  experience  with  Douglas  fir 
conduit  to  the  last  10  years,  but  it  is  to  be  understood  that  the 
conduit  was  just  as  carefully  treated  and  inspected  as  the  conduit 
represented  by  the  old  samples  and,  therefore,  ought  to  have  just 
as  long  and  as  good  a  service  record  as  this  older  creosoted  material. 

This  piece  of  IH  ins.  x  4H  ft.  creosoted  Douglas  fir  planking 
has  recently  been  removed  from  42nd  Street,  Seattle,  where  it  was 
installed  about  10  years  ago.  It  will  be  seen  no  decay  is  noticeable 
and  this  will  serve  to  corroborate  the  above  assumption. 

Mr.  E.  Wismer:  We  have  no  slides  showing  the  manufacturing 
operations  of  this  product,  but  have  for  examination  on  the  display 
table  some  samples  of  new  conduit  and  planking  which  were  taken 
from  a  recent  shipment  to  San  Francisco.  We  are  also  pleased  to 
show  some  samples  of  old  creosoted  conduit,  plank  and  cross-arm, 
thanks  to  Mr.  Hosford,  that  had  been  in  service  a  very  long  time. 
You  will  find  the  different  samples  on  the  table,  properly  identi- 
fied, and  I  will  read  off  their  history. 

Sample  No.  1  was  cut  from  2H-in.  duct,  manufactured  by 
the  Wyckoff  Company,  and  laid  in  Sixth  Avenue  in  New  York,  in 
1887.  The  subway  was  removed  in  1908  in  connection  with  the 
construction  of  the  Hudson  Tunnel  system.  The  subway  had 
therefore,  been  in  the  ground  for  21  years.  This  subway  was  24- 
duct  capacity,  built  6  ducts  wide  and  4  ducts  high,  and  protected 
on  all  sides  with  creosoted-wood  planking.  The  top  of  the  subway 
structure  was  about  3  ft.  below  the  surface  of  the  street.  The 
surrounding  material  was  ordinary  loam,  which  would  readily 
allow  water  to  reach  the  ducts.  There  was  no  exposure  to  tide- 
water.    For  the  first  12  years  the  street  was  paved  with  Belgian 
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blocks,  laid  on  sand.  For  the  last  9  years  the  pavement  was 
asphalt  on  concrete.  Old  duct  and  plank  uncovered  in  removing 
the  subway  were  found  to  be  in  excellent  condition,  showing  no 
cases  of  decay. 

Samples  Nos.  2  and  3  were  removed  from  Market  Street,  Phila- 
delphia, in  1908,  in  connection  with  the  building  of  the  Philadel- 
phia Rapid  Transit  Subway.  The  exact  date  on  which  the  conduit 
represented  by  these  samples  was  installed  is  not  known,  but  they 
were  underground  for  at  least  20  years.  The  conduit  was  made 
from  white  pine,  and  was  treated  with  dead  oil  of  coal  tar. 

At  the  time  the  subway  was  taken  up  the  condition  of  the 
conduit  was  noted  to  be  good,  and  it  was  saved  for  reinstallation. 
Owing  to  the  small  diameter  of  the  bore  it  was  not  possible  to  use 
it  except  in  the  construction  of  such  laterals  as  would  be  depended 
upon  not  to  need  full-sized  cable.  These  restrictions  on  the  re-issue 
of  the  duct  made  it  possible  to  procure  a  considerable  number  of 
samples  for  exhibition  purposes. 

The  sample  of  creosoted  cross-arm  came  from  a  creosoted  yellow 
pine  cross-arm  removed  from  the  Washington-Norfolk  Line  of  the 
American  Telephone  and  Telegraph  Company,  in  1916.  The  arm 
had  been  installed  in  1897  on  pole  No.  6226,  and  had,  therefore, 
been  in  service  about  19  years  when  removed.  When  removed 
the  arm  was  found  to  be  of  good  quality  of  timber.  Several  borings 
were  made  at  different  points  of  the  arm,  all  of  which  showed  com- 
plete penetration  by  creosote. 

This  cross-arm  was  subjected  to  laboratory  analysis  to  determine 
the  amount  of  preservative  which  it  has  retained  after  its  expo- 
sure. It  was  found  to  contain  12  lbs.  of  oil  per  cubic  foot  at  the 
time  of  this  analysis,  which  corresponds  to  an  original  content  of 
over  25  lbs.  of  creosote  per  cubic  foot. 

The  President:     The  paper  is  now  open  for  discussion. 

Mr.  R.  F.  Hosford:  There  are  a  couple  of  points  that  might 
be  mentioned  to  add  a  little  to  what  has  been  presented  in  this 
paper.  First,  as  to  the  length  of  actual  experience  with  treated 
conduits.  That  goes  back  to  somewhere  around  1882,  or  1883, 
when  the  first  treated  conduits  were  used  for  carrying  under- 
ground cables.  Telephone  experience  with  these  conduits  has 
been  practically  as  long  as  the  experience  with  underground  cables. 
That  time,  of  course,  is  illustrated  by  these  old  samples  on  the 
table  when  northern  white  pine,  or  Norway  pine,  was  a  convenient 
material  to  obtain  and  treat.  The  transfer  to  the  southern  pine, 
now  used  for  making  conduits,  occurred  along  in  the  early  part  of 
this  century,  as  the  northern  white  pine  and  Norway  pine  became 
relatively  difficult  and  expensive  to  get. 
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Another  point  on  conduit  practice  is  that  this  type  of  conduit  is 
especially  suited  to  the  use  of  signialing  companies,  and  not  so  well 
suited  for  use  by  the  electric  power  companies.  Underground 
cables  in  power  distribution  carry  a  large  volume  of  current  and 
the  energy,  that  is  set  free  on  a  breakdown  immediately  creates 
destructive  arcs.  It  is  customary  practice  in  that  class  of  work  to 
separate  the  conduits  carrying  the  cable.  This  square  type  has  the 
advantage,  because  of  its  construction  of  laying  up  compactly,  but 
while  there  is  an  advantage  from  the  signalling  companies  stand- 
point, it  is  a  disadvantage  from  the  power  companies'  standpoint 
so  that  the  use  of  this  conduit  has  been  largely  confined  to  signal- 
ing companies.  It  is  used  by  the  telegraph  companies  for  enclos- 
ing metal  tubes  used  in  the  pneumatic  distribution  of  telegrams, 
as  well  as  for  carrying  cables. 

The  President:  If  there  is  no  further  discussion,  gentlemen, 
we  will  call  on  Mr.  Hosford,  General  Chairman  of  the  Sub-Com- 
mittees on  Pressure  and  Non-Pressure  Treatments. 

REPORT   OF  COMMITTEB  NO.  5-5-l^PRESSURB 
TREATMENTS 

To  the  Members  of  the  American  Wood-Preservers*  Association: 

The  line  of  work  assigned  to  this  Committee  has  not  been 
given  to  any  committee  in  previous  years,  and  the  Committee 
received  only  general  instructions  to  work  toward  the  development 
of  standard  practices  connected  with  the  treatment  of  poles  by 
pressure  processes. 

As  a  preliminary  to  th6  development  of  standard  practices, 
this  Committee  concluded  it  to  be  advisable  to  study  and  correlate 
the  results  obtained  in  their  field  of  work  up  to  the  present  time. 
It  also  appeared  advisable  that  arrangements  be  completed  looking 
toward  the  establishment  of  a  continuing  system  of  service-records 
covering  the  behavior  of  poles  prepared  in  accordance  with  each 
of  the  several  different  processes  of  treatment  now  in  commercial 
use  in  this  country.  It  was  felt  that  the  establishment  of  an 
adequate  set  of  service  records  would  be  necessary  as  a  basis  for 
the  determination  of  the  comparative  values  of  different  processes 
of  treatment  by  those  interested  in  making  a  selection  among  them. 

Coupled  with  these  arrangements  for  service  records,  the 
Committee  concluded  that  it  would  be  advisable  to  compile  and 
publish  as  complete  as  possible  a  description  of  the  groups  of  poles 
whose  behavior  in  service  ^as  to  be  studied  so  that  any  one  desir- 
ing poles  similar  to  any  lot  represented  in  the  service  records 
would  have  adequate  information  as  to  the  quality  of  timber  used, 
methods  of  preparation,  treatment,  etc.,  so  as  to  justify  the  expec- 
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tation  that  he  could  duplicate  in  his  own  work  the  recorded  ex- 
perience of  the  past 

Working  along  these  lines  the  Committee  is  ahle  this  year 
to  report  details  of  preparation  and  treatment  for  four  groups  of 
treated  poles  which  the  General  Staff  of  the  American  Telephone 
and  Telegraph  Company  is  planning  to  inspect  systematically  so 
that  an  accurate  determination  of  their  service  efficiency  will  be 
secured.  The  Committee  has  been  working  toward  arranging  for 
similar  service  inspection  of  records  by  other  concerns  and  cover- 
ing poles  treated  by  other  processes  than  those  represented  by  the 
four  groups  for  which  details  are  reported  below.  It  has  not, 
however,  been  able  to  carry  this  work  to  a  stage  where  anything 
definite  can  be  reported. 

Washington-Norfolk  Line. 

General. — This  line  of  the  American  Telephone  and  Tele- 
graph Company  extends  from  Washington,  D.  C,  to  Norfolk,  and 
was  completed  in  November,  1897.  There  were  placed  in  this  line 
9975  yellow  pine  poles  treated  under  pressure  with  creosote,  divided 
in  respect  to  length  and  shape  as  follows : 

26  80  86 

Pole       Lin.  Ft.  Lin.  Ft.  Lin.  Ft. 

Square 8020  6666  688 

Bound  — 4  201  120 

Hexasonal  12  1 

Total  8024    6868     704     808     61     20      9976 

The  round  poles  were  made  from  shortleaf  pine.  The  sawed 
poles  were  furnished  under  the  following  specifications: 

The  timber  shall  be  of  sound,  straight  grain,  long-leaved 
yellow  pine,  free  from  large,  decayed,  or  looee  knots.  The  top 
and  butt  shall  be  sound,  the  pole  shall  be  free  from  sapwood 
except  on  the  comers  at  the  larger  end  for  limited  height. 

Treatment. — The  poles  were  obtained  in  the  Southeastern 
Atlantic  States,  and  treated  at  the  plant  of  the  Norfolk  Creosoting 
Company  with  creosote,  presumably  imported  from  Eng^land. 
Twenty-eight  analyses  made  of  this  oil  show  average  results  as 
follows : 

Distillates. — 

Per  cent 

Loss— water,  etc.  to  170*   C 1 

170*  C.  to  206"  C. 2 

206*  C.  to  210*  C —    4 

210*   C.  to  286*   C 46 

286*  C.  to  240*   C 7 

240*  C.  to  270*   C 16 

270*  C.  to  816*   C 9 

Residue  above  816»  C — ^ 16 

Nairtithalene.  206"  C.  to  286"  C 49 

Oil  not  distilling  below  270"  C 25 

Specific  gravity 1.022 

Melting    point    _ 86*  C. 

Boiling   point    70*  C. 


40 

46 

60 

Un.Pt. 

Lin.  Ft. 

Lin.  Ft. 

Total 

268 

27 

2 

9666 

40 

24 

18 

407 





__ 

18 
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The  treatment  was  carried  out  under  the  following  specifica- 
tions : 

SSASONiNa  PK0CBS8. — If  the  timber  is  seasoned  and  contains 
little  sapwood  it  shall  be  subjected  to  superheated  steam  for  from 
6  to  14  hours,  depending  upon  the  sise  of  the  timber,  and  as 
directed  by  the  inspector. 

The  temperature  shaU  be  not  less  than  220*  F.  and  not  over 
276'  F. 

If  the  timber  is  wet  and  contains  much  sapwood  it  shall  be 
subjected  to  superheated  steam  for  from  8  to  6  hours,  and  then 
to  live  steam  for  from  8  to  8  hours,  the  duration  of  its  exposure 
depending  upon  the  size  of  the  timber,  and  as  directed  by  the 
inspector.  The  temperature  of  the  steam  shall  be  not  less  than 
260**  F.,  and  not  more  than  275*  F. 

Exhaustion  Pbocms. — ^The  seasoning  process  having  been 
completed,  the  steam  shall  be  removed  and  the  oreosoting  cham- 
ber exhausted  by  a  vacuum  pump  to  26  inches. 

During  this  process  the  temperature  of  the  cylinder  shall 
be  maintained  above  the  boiling  p<rfnt  of  water  corresponding  to 
the  vacuum  obtained  (not  less  than  126*  F.)  This  process  shaU 
be  continued  until  the  by-product  indicates  that  the  water  and 
sap  have  been  removed  from  the  timber,  and  as  directed  by  the 
inspector. 

Filling  Process. — The  cylinder  shall  next  be  filled  with  the 
dead  oil  at  a  temperature  of  not  less  than  120*  F.  nor  more  than 
260*  F.,  and  pressure  applied  until  the  requisite  amount  of  oil 
has  been  forced  into  the  timber,  that  is,  12  lbs.  per  cubic  foot. 

Location  and  Results — This  line  runs  through  rolling  farm 
country  in  the  northern  section,  principally  on  public  right-of-way. 
The  soil  in  the  northern  section  is  a  sand^^  clay  loam  and  mixed 
with  gravel  in  a  few  localities.  Red  clay  is  encountered  in  the 
vicinity  of  Richmond.  In  the  section  between  Petersburg  and 
Norfolk  the  contour  is  less  rolling,  becoming  more  level  near  the 
sea. 

The  line  is  built  principally  in  well-drained  locations  adjacent 
to  the  Norfolk  &  Western  Railroad,  for  most  of  this  section.  Sand 
is  a  prominent  constituent  of  thei  soil  in  this  part  of  the  line. 
Woods  are  more  frequently  encountered,  and  the  line  usually 
passes  through  or  near  the  towns  on  the  route. 

Results  obtained  from  the  poles  in  this  line  are  described  in  a 
paper  by  F.  L.  Rhodes  and  R.  F.  Hosford,  published  in  the  Trans- 
actions of  the  American  Institute  of  Electrical  Engineers  for  the 
year  1915. 

Montgomery-New  Orleans  Line. 

General. — This  line  of  the  American  Telephone  and  Telegraph 
Company  contains  between  the  Alabama  River,  several  miles 
northeast  of  the  city  of  Mobile^  and  New  Orleans,  7644  creosoted 
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pine  poles.    This  line  was  completed  in  the  fall  of   1899.    The 
poles  were  furnished  under  the  following  specifications: 

The  timber  shall  be  of  sound,  straight  ffrain.  Ions-leaved 
ydlow  pine,  free  from  large,  decayed  or  loose  knots.  The  top  and 
butt  shall  be  sound  and  cut  square. 

The  30-foot  poles  and  longer,  and  approximately  507c  of  the 
25-foot  poles,  were  presumably  longleaf  pine,  while  the  balance 
were  shortleaf  and  loblolly.  They  were  obtained  from  the  Gulf 
States,  and  the  size  and  number  were  as  follows:  25-foot,  6507; 
30-foot,  248;  35-foot,  274;  40-foot,  185;  45-foot,  39;  50-foot,  86; 
55-foot,  31;  60-foot,  125;  65-foot,  33;  70-foot,  7;  80-foot,  6;  braces, 
63;  guy  stubs,  40. 

Treatment. — The  treatment  was  carried  out  at  the  West 
Pascagoula  Creosote  Works,  West  Pascagoula,  Mississippi.  The 
poles,  which  were  to  be  set  in  marsh  land  or  water,  were  treated 
with  15  lbs.  of  creosote  per  cubic  foot.  Those  to  be  set  elsewhere 
were  given  a  12-lb.  treatment.  All  poles  were  treated  under  the 
specifications  described  above  for  the  Washington-Norfolk  line. 

The  creosote  used  was  presumably  imported  from  England. 
The  38  analyses  made  of  this  oil  show  the  following  results: 

DiSTILLATBS. — 

Per  cent 

Loss— waUr,  etc,  to  170'   C 6 

ITO"   C.  to  206'  C 4 

206'  C.  to  210*   C 4 

210*  C.  to  286»   C 46 

285*  C.  to  240*   C 5 

240*   C.  to  270*   C 18 

270'  C.  to  8I6»   C 6 

Residue  above   816*    C 16 

Naphthalene,  206*  C.  to  286*  C. 50 

OU  not  distilUnB  below  270^  C 22 

Specific    arravity    l.OS 

Meltins  point   88°  C. 

Boiling  point  107"  C. 

Location  and  Results. — This  line  follows  the  Louisville  & 
Nashville  Railroad  practically  all  the  way  from  New  Orleans  to 
Hurricane,  which  is  a  few  miles  northeast  of  Mobile.  From  New 
Orleans  to  Pascagoula  the  route  is  along  the  Gulf  Coast,  and 
from  Pascagoula  to  Hurricane  it  is  located  at  some  distance  inland. 

Poles  along  the  coast  are  set  in  flat,  dry,  sandy  soil,  while  those 
between  Pascagoula  and  Mobile  are  located  in  rolling  country  in  a 
dry  sandy  soil  which  is  drained  by  many  small  streams.     Those  set 
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in  the  eastern  part  of  the  line,  from  Mobile  to  Hurricane,  are 
located  in  a  low,  marshy,  muck  soil.  The  line  traverses  a  sparsely 
populated  country. 

Results  obtained  from  these  poles  are  described  in  the  paper 
by  Rhodes  and  Hosford  referred  to  previously. 

Birmingham-New  Orleans  Line. 

This  line,  built  by  the  Cumberland  Telephone  and  Telegraph 
Company,  is  now  operated  by  the  Long  Lines  Department  of  the 
American  Telephone  and  Telegraph  Company.  It  was  constructed 
in  1899,  and  contains  a  little  less  than  6000  creosoted  pine  poles 
located  between  Lumberton,  Miss.,  and  New  Orleans,  Louisiana. 

Tliis  line  was  originally  built  with  round  Class  C  25-foot 
poles,  and  they  were  obtained  from  forests  tributary  to  New 
Orleans. 

The  poles  were  treated  by  the  New  Orleans  Wood-Preserving 
Company.  Creosote,  which  contained  a  high  percentage  of  naphtha- 
lene, was  used.  We  judge  this  oil  was  practically  the  same  as 
that  which  was  used  for  the  treatment  of  poles  set  in  the  Norfolk- 
Washington  and  Montgomery-New  Orleans  lines,  and  it  is  probable 
that  they  were  treated  under  specifications  similar  to  those  used 
for  these  two  lines.  The  poles  were  given  a  16-lb.  per  cubic  foot 
treatment  instead  of  12  lbs.  used  for  the  two  lines  previously 
mentioned. 

This  line  parallels  fairly  closely  the  New  Orleans  &  North- 
eastern Railroad. 

Charleston-Montgomery  Line. 

This  line  of  the  American  Telephone  and  Telegraph  Company 
includes  a  section  of  creosoted  pine  poles  between  Augusta,  Ga., 
and  Madison,  Georgia.  These  poles  were  installed  in  1897,  and 
number  something  over  3000. 

Southern  yellow  pine,  round,  Class  C  25-foot  poles  were  used, 
and  were  obtained  from  Georgia  and  Florida. 

They  were  treated  at  the  Femandina  Creosote  Works,  Feman- 
dina,  Fla.,  with  English  creosote  containing  a  high  percentage  of 
naphthalene.  We  understand  the  poles  were  treated  by  a  modified 
Bethell  process,  in  which  live  steam  was  first  applied  for  8  to  12 
hours,  then  superheated  steam  for  approximately  an  equal  period, 
followed  by  the  usual  vacuum  and  impregnation  process.  The 
poles  are  reported  to  have  been  impregnated  with  upwards  of  15 
lbs.  of  creosote  per  cubic  foot. 
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New  Work 

The  Committee  suggests  as  problems  to  be  assigrned  for  next 
year's  work: 

(1)  Continue  work   of   arranging   for  inspections   and 

service  records  covering  poles  treated  by  processes 
other  than  the  groups  described  in  this  year's 
report. 

(2)  Study  the   relation   of  the  perforation  method   of 

preparation  to  pressure-treated  poles. 

(3)  Prepare  standard  specifications  for  treating  poles 

by  Full-Cell  and  Empty-Cell  methods. 

C.  C.  Fritz,  Chairman 

£.   E.   BOEHNE 

R.  C.  Eggleston 
W.  K.  Vanderpoel 

A.  H.  VORUM 

Roger  F.  Hosford, 
General  Chairman, 


Mr.  R.  F.  Hosforo:  I  will  not  attempt  to  read  the  details 
printed  for  these  4  sets  of  poles,  because  a  good  portion  of  the 
record  is  in  tables  that  are  almost  impossible  to  read  aloud,  and 
because  I  think  you  will  get  what  you  want  by  reading  from  the 
report. 

On  three  of  the  4  groups  of  poles,  I  might  note  that  we  found 
the  practice  indicated  by  the  records  to  have  called  for  rather 
longer  periods  of  steaming  than  anyone  today  attempts  on  the 
same  class  of  material,  and  also  that  the  use  of  superheated  steam 
was  called  for.  As  regards  another  feature,  I  think  it  may  be  of 
interest  to  note  that  while  detailed  service-records  of  very  recent 
date  are  not  available  at  this  time  on  these  4  groups,  the  results 
of  experience  up  to  1915  have  been  published  for  2  of  them,  and 
the  plant-records  on  the  other  2  lots  show  that  the  behavior  of  the 
poles  in  these  lots  was  equally  as  good  as  in  the  2  lots  on  which 
more  detailed  information  is  available. 

The  plant-records  on  all  of  these  4  lines  show  the  same  feature 
that  has  been  brought  out  from  time  to  time  in  connection  with 
the  service  results  from  treated  ties.  That  is,  the  maintenance 
requirement  on  these  4  treated  lines  in  the  way  of  putting  in  new 
poles  has  been  very  light.  Practically  in  every  case,  except  the 
first  one  reported  on,  there  is  a  section  in  the  same  line  of  untreated 
poles  cut  from  a  different  timber,  and  whereas  only  a  few  poles 
per  mile  have  been  worked  on  in  these  treated  sections,  in  the 
untreated  sections  in  the  course  of  say  20  years,  an  amount  of 
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work  has  been  done  practically  equivalent  to  working  on  every 
pole  per  mile  at  some  time  or  other. 

In  regard  to  recommendation  one  I  think  it  may  be  of  interest 
to  point  out  that  the  4  sets  of  poles  covered  in  detail  in  this 
year's  report  cover  a  range  of  locations  from  one  in  Louisiana 
and  Mississippi,  one  along  the  Gulf  Coast,  one  in  Central  Georgia, 
and  one  just  south  of  the  Potomac  River.  We  expect  that  2  more 
sets  of  pressure-treated,  full-cell  process  poles  in  Texas  will  be 
added,  so  the  whole  stretch  from  Texas  to  Virginia  can  be  covered 
with  service-record  cases. 

We  also  are  seeeking,  although  the  work  has  not  yet  led  to  any- 
thing of  very  great  promise  for  the  immediate  future,  to  locate 
suitable  sections  of  poles  treated  by  the  Lowry  process. 

The  President:  Gentlemen,  the  report  is  now  open  for  discus- 
sion. If  there  are  no  questions  to  be  raised  on  the  question  of 
pressure  treatment  we  will  ask  Mr.  Hosford  to  continue  on  non- 
pressure  treatment. 


REPORT  OF  COMMITTEE  NO.  5-5-2— NON-PRESSURE 
TREATMENTS. 

To  the  Members  of  the  American  Wood-Preeervera'  Assodation: 

The  instructions  to  this  Committee,  based  upon  the  progress 
made  last  year  were  as  follows: 

(1)  Continue    steaming    experiments    to    a    definite 

conclusion. 

(2)  Determine  what  proportion  of  the  preservative 

employed  is  lost  during  non-pressure  treatment, 
and  the  extent  to  which  this  loss  is  influenced 
by  the  volatility  of  the  oil. 

(3)  Study  the  practicability  of  insuring  the  desired 

penetration  of  oil  at  the  ground  line  of  poles  by 
mechanical  perforation  preliminary  to  the 
treatment. 

The  Committee  was  not  able  to  come  to  definite  conclusions 
upon  any  of  the  work  assigned  to  it,  but  certain  experimental  work 
was  done  and  progress  made  as  indicated  below. 

(1)  No  work  was  done  upon  the  effect  of  steaming  upon 
case-hardening  or  upon  the  absorption  and  penetration  of  oil. 

(2)  To  obtain  information  upon  the  amount  of  creosote  lost 
during  open-tank  treatment,  two  experiments  were  made  at  the 
Page  &  Hill  plant  at  Minneapolis. 
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(a)  First  Experiment 

The  first  experiment  was  made  by  Mr.  Bumes  of  the  Page 
&  Hill  Co.  The  tank  used  in  this  experiment  was  one  in  which 
poles  are  given  the  15-minute  dipping  treatment  (specifica- 
tions "AA").  It  is  a  cylindrical  tank,  6  feet  in  diameter  and  11 
feet  high,  with  a  6-inch  flange  at  the  top. 

The  tank  is  set  about  8  feet  in  the  ground,  and  is  equipped 
with  steam  coils  to  insure  a  constant  temperature  of  the  oil  during 
treatment.  In  location,  the  tank  is  protected  from  the  wind  by 
sheltering  buildings  and,  also,  by  the  5  feet  of  tank  wall  above  the 
surface  of  the  oil. 

The  oil  valves  governing  the  intake  and  outlet  from  the  tank 
were  carefully  cleaned  to  prevent  leakage  from  the  tank  after  the 
experiment  was  started.  In  order  to  simplify  the  experiment, 
and  to  avoid  resetting  the  intake  valve  to  prevent  leakage,  no  oil 
was  added  after  the  experiment  was  started. 

Procedure. — Measurements  were  taken  with  a  graduated  steel 
rod,  and  the  weights  figured  from  the  volume  and  temperatures 
obtained.  An  amount  of  creosote  equivalent  to  8,400  lbs.  was  run 
into  the  tank,  and  the  temperature  raised  to  230''  F.  and  held  there 
for  72  hours.  The  character  of  the  original  creosote  was  as 
follows:  Specific  gravity,  1.0769;— distillate  up  to  200**  C,  2%; 
205**  C.  to  210**  C,  0.0%;  210**  C.  to  235**  C,  15%;  total  distiUate, 
17%.  Analysis  according  to  the  American  Wood-Preservers'  As- 
sociation method. 

Measurements  were  taken  at  the  end  of  each  24-hour  period, 
and  the  readings  recorded.  The  losses  from  evaporation  over  the 
three  periods  when  calculated  to  pounds  per  square  foot  of  surface 
exposed,  and  in  per  cent  of  oil  involved,  are  shown  in  the  table 
below. 

24-Hour  Lbs.  Oil  Lbs.  Lost  per  Sq.  Ft.  Per  Cent. 

Period  Lost                 Surface  Exp.  Oil  Lost 

1  266                           18.6  8.0 

2  196                             9.9  2.8 
8  116                             6.8  1.8 

The  total  number  of  pounds  oil  lost  over  the  72-hour  period 
was  566.     Total  per  cent  of  oil  lost  was  6.6. 

The  character  of  the  oil  after  the  experiment  was  run  as  fol- 
lows: Specific  gravity,  1.0861 ;— distillate  up  to  200**  C,  1.2%; 
205**  C.  to  210**  C,  0.3%;  210**  C.  to  235**  C,  12.3%;  total  distillate, 
13.8%. 

These  losses  are  probably  in  excess  of  what  they  would  be 
under  operating  conditions,  due  to  the  fact  that  no  treating  was 
done  while  this  experiment  was  carried  on.     Had  there  been  poles 
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treated,  the  loss  would  have  been  lessened,  since  the  poles  would 
cut  down  the  area  of  exposed  surface  approximately  40%  to  50%. 
There  would  doubtless  be  a  slight  increase  in  evaporation  loss, 
due  to  the  new  oil  which  would  be  added  to  replace  oil  injected 
into  the  poles,  but  the  decreased  amount  of  exposed  area  would 
cover  this  increased  loss  and  still  show  considerable  decrease  in 
the  total  amount  of  evaporation  loss. 

In  comparison  with  the  data  submitted  by  Mr.  Bateman  last 
year,  it  will  be  noted  that  the  losses  in  the  above  experiment  were 
much  greater.  This  was  no  doubt  due,  in  large  measure,  to  the 
higher  temperature,  230''  F.,  used  by  Mr.  Bumes  as  compared 
to  the  Ids'"  F.  used  by  Mr.  Bateman. 

The  temperature  for  the  first  24-hour  period  averaged  26'' 
above  zero,  and  the  evaporation  showed  heaviest  on  that  day, 
which  should  have  been  expected  from  the  character  of  the  oil 
at  that  time.  A  comparatively  small  amount  of  naphthalene  formed 
about  the  tank  during  the  first  period. 

In  the  second  period  the  average  temperature  was  8°  below 
zero,  and  there  was  a  much  heavier  coating  of  naphthalene  formed, 
although  there  was  a  marked  decrease  in  the  amount  of  oil  evap- 
orated. 

During  the  third  24-hour  period  the  average  temperature  was 
11**  below  zero,  and  a  coating  of  naphthalene  2  inches  thick  had 
settled  on  the  inside  of  the  tank.  A  dense  white  cloud  of  creosote 
fumes  hung  over  the  tank  all  day,  and  naphthalene  was  continually 
falling  back  into  the  oil  from  the  sides  of  the  tank.  It  seems 
plausible  that  the  intense  cold  condensing'  the  creosote  vapors 
before  they  could  escape  from  the  tank  might  easily  be  a  factor  in 
the  low  amount  of  oil  evaporated  during  the  third  24  hours,  espe- 
cially when  the  comparatively  slight  differences  in  the  character 
of  the  oil  before  and  after  the  experiment  are  noted. 

(b)  Second  Experiment. 

The  second  experiment  was  made  by  Mr.  Bumes  and  Mr. 
Sporley.  This  consisted  in  making  a  number  of  4-hour  hot-bath 
treatments  from  the  same  tank  of  oil  *,  taking  samples  from 
the  original  oil  and  after  each  treatment,  and  noting  the  changes 
which  took  place  in  the  character  of  the  oil. 

Approximately  5000  gallons  of  oil  were  placed  in  a  receiving 
tank,  and  throughout  the  series  of  treatments  was  kept  separate 
from  all  other  oils. 


*The  regular  cold-bath  treatment  was  made  on  these  poles  from  another  tank 
of  oil,  henee  does  not  flffure  in  these  experiments. 
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The  treating  tank  was  oval  in  shape,  having  maximum  dimen- 
sions of  7  feet  by  l&H  feet,  and  a  depth  of  11  feet.  It  was  com- 
pletely filled  with  poles  for  each  run,  requiring  approximately 
two-thirds  of  a  carload  to  the  charge. 

The  treatment,  which  entered  into  this  experiment,  consisted 
of  a  4-hour  hot  bath  at  230 **  F.,  after  which  the  oil  was  pumped 
back  into  the  receiving  tank  and  allowed  to  mix  with  the  oil  in 
the  tank.  A  sample  was  then  drawn  from  the  receiving  tank  at 
a  point  of  3  feet  from  the  bottom.  In  this  way  six  treatments 
were  made  consuming  about  4000  gallons  of  the  original  5000 
gallons. 

At  the  conclusion  of  the  work  the  7  samples  were  analyzed  by 
Mr.  Bumes  and  Mr.  Sporley,  using  the  standard  A.  W.-P.  A.  8- 
ounce  fiask,  and  the  American  Telephone  and  Telegraph  Company's 
method  of  analysis.     (Their  specifications  No.  3744.) 

The  results  of  the  analyses  are  given  in  the  accompanying 
table.  It  will  be  noted  that  there  was  no  marked  progressive 
change  in  the  character  of  the  oil.  The  water  content  was  low 
in  the  beginning,  and  it  disappeared  entirely  after  the  first  treat- 
ment. 

The  irregular  differences  between  the  various  analyses  may 
be  due  to  the  method  of  taking  samples.  The  method  used  was 
necessary,  because  the  plant  was  not  equipped  for  taking  samples 
otherwise;  but  it  is  felt  by  the  Committee  that  more  uniform 
results  might  have  been  obtained  if  the  oil  could  have  been  more 
thoroughly  mixed  before  sampling,  and  if  a  drip  or  thief  sample 
could  have  been  taken  instead  of  the  tap  sample. 

(c)  Perforating  Process. 

With  regard  to  the  perforating  process,  the  Committee  is 
able  to  report  that  substantial  progress  is  being  made  by  the 
Western  Cedar  Pole  Preservers  at  their  plant  at  Sand  Point, 
Idaho.  At  this  plant  a  machine  has  been  erected  for  perforating 
poles  in  commercial  quantities,  and  it  has  been  in  operation  since 
about  June  1,  1920. 

The  perforating  is  accomplished  by  chisel-pointed  punches 
in  the  ends  of  heavy  iron  bars.  These  bars  are  raised  by  cams 
and  allowed  to  fall,  driving  the  punches  into  ihe  wood  by  the 
weight  of  the  bars.  The  distance  through  which  the  punches  fall 
is  regulated  by  an  adjustable  carriage  upon  which  the  pole  rests, 
but  is  usually  2  to  3  inches. 
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The  bars  are  arranged  in  a  vertical  line  along  the  pole,  each 
bar  operating  independently,  but  all  are  released  at  the  same  time. 
This  perforates  a  line  of  holes  lengthwise  of  the  pole.  The  pole  is 
then  automatically  turned  a  specific  distance,  and  another  line  of 
holes  perforated.  In  this  way  the  entire  surface  of  the  poles  for 
a  distance  of  IH  feet  above  and  below  the  ground  line  is  perforated. 
The  holes  are  so  spaced  that  the  oil  is  required  to  travel  a  distance 
of  2H  inches  vertically,  and  not  more  than  1/16  inch  circumferen- 
tially,  in  order  to  obtain  complete  penetration. 

The  machine  is  not  yet  mechanically  perfect  in  some  details, 
and  the  operators  plan  to  improve  its  construction.  It  is  stated, 
however,  that  as  now  operated  the  machine  permits  of  practically 
complete  penetration  of  oil  to  the  depth  of  the  perforations.  It  is 
also  stated  that  in  some  cases  this  penetration  is  not  secured  dur- 
ing treatment,  but  the  continued  movement  of  the  oil  in  the  wood 
after  treatment  is  said  ultimately  to  treat  all  the  wood  between 
the  holes. 

As  the  poles  arrive  at  the  treating  plant  there  is  considerable 
difference  in  the  ease  with  which  they  can  be  treated.  The  same 
spacing  of  holes  would,  therefore,  not  be  best  for  all  classes  of 
poles.  Whether  a  spacing  should  be  used  which  will  give  penetra- 
tion in  the  most  difficult  poles,  and  therefore  for  all  poles,  or 
whether  a  different  spacing  should  be  used  for  different  classes 
of  poles  is  a  mafter  which  needs  further  consideration. 

Recommendations. 

The  Committee  is  not  possessed  of  sufficient  information  to 
draw  any  conclusions  or  make  any  recommendations  with  reg:ard 
to  this  machine  or  these  statements.  It  is  greatly  impressed  with 
the  possibilities  of  the  perforating  process,  however,  and  recom- 
mends that  the  subject  be  given  continuous  study  during  subse- 
quent years  until  definite  conclusions  can  be  reached.  Some  ques- 
tions which  must  be  answered,  and  data  which  should  be  made 
available,  are  listed  below: 

(1)  Make  computations  of  the  probable  loss  of 
strength,  due  to  different  spacing  and  depth  of  per- 
forations, and  different  sized  holes. 

(2)  Make  strength  tests  to  see  how  the  actual 
strength  losses  compare  with  the  computed  losses. 

(3)  Determine  the  effect  of  the  perforations 
upon  checking. 

(4)  How  much  does  oil  spread  from  the  perfora- 
tions after  treatment?    Is  there  an  appreciable  differ- 
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ence  between  the  completeness  of  penetration  immedi- 
ately after  treatment,  and  say  4  weeks  after  treat- 
ment? 

(5)  When  perforating  is  used  is  it  necessary  to 
shave  off  the  inner  bark? 

(6>  What  is  the  most  efficient  size  and  shape  of 
punch  to  give  the  desired  penetration  with  the  least 
reduction  in  pole  strength? 

(7)  To  what  depth  should  the  perforations  be 
made? 

(8)  Study  the  relation  between  the  amount  of 
oil  absorbed  and  the  penetration  obtained. 

It  is  recommended  that  work  be  done  by  the  Committee  on 
questions  1  to  6,  inclusive,  during  the  coming  year. 

L.  L.  Hill,  Chairman 
W.  M.  Carpenter 
L.  A.  Furlong 
G.  M.  Hunt 
C.  M.  Sporley 

Roger  F.  Hosford, 

General  Chairman, 


The  President:  Gentlemen,  the  report  of  this  Committee  is 
now  open  for  discussion.  If  there  is  no  objection  we  will  accept 
the  report  as  information. 

We  will  ask  Mr.  Hunt  to  read  for  us  Mr.  Bateman's  paper  on 
"A  Theory  on  the  Mechanism  of  the  Protection  of  Wood  by 
Preservatives,  Part  II — ^The  Isolation  of  Barren  Oil  from  Coal-Tar 
Creosote  and  a  Mathematical  Proof  of  the  Existence  of  a  Solu- 
bility Partition." 

Mr.  Geo.  M.  Hunt:  This  is  a  continuation  of  Mr.  Bateman's 
paper  of  last  year,  and  gives  the  results  of  his  study  since  that  time 
on  creosote  oil  and  the  results  of  his  attempt  to  get  at  the  bottom 
of  the  factors  which  influence  the  effectiveness  and  the  value  of 
creosote  oil. 

Mr.  Bateman  does  not  present  this  paper  with  the  idea  of  saying 
that  he  has  thoroughly  established  the  validity  of  these  equations 
and  curves,  but  he  is  presenting  it  in  the  hope  that  his  ideas  will  be 
given  careful  study,  and  that  he  will  be  able  to  get  during  the 
coming  year  a  discussion  which  will  help  him  in  carrying  the  work 
further  and  in  getting  at  the  fundamental  facts  which  affect  the 
value  of  creosote  oil  and  its  uses.     [Applause,] 
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a  theory  on  the  mechanism.  of  the  protection  of 
wood  by  preservatives. 

PART  II. 

The    Isolation    of   Barren   Oil   from    Coal-Tar    Creosote   and    a 
Mathematical  Proof  of  the  Existence  of  a  Solubility  Partition. 

By  Ernest  Bateman.* 

Last  year  there  was  presented  at  the  convention  in  Chicago 
''A  Theory  on  the  Mechanism  of  the  Protection  of  Wood  hy 
Preservatives."*  This  theory  as  applied  to  creosote  presumed 
that  creosote  consisted  of  2  groups  of  compounds,  1  of  these 
being  sufiSiciently  soluble  in  water  to  render  the  water  toxic,  the 
other  insoluble  and  hence  non-toxic  and  that  the  non-toxic  oil 
acts  as  a  reservoir  for  the  toxic  oils  and  feeds  them  automatically 
to  the  moisture  in  the  wood. 

It  is  the  purpose  of  this  paper  to  present  a  progress  report 
of  the  new  results  obtained  since  last  year.  The  paper  is  divided 
into  two  distinct  parts:  First,  experimental  work  of  obtaining  a 
non-toxic  or  "barren"  oil  from  coal-tar  creosote;  and,  second,  a 
mathematical  treatment  to  point  out  the  existence  of  a  solubility 
partition  in  data  already  existing  and  published  for  other  pur- 
poses. 

A  fairly  definite  relationship*  has  been  shown  between  the 
toxicity  of  coal-tar  creosote  and  the  amount  of  creosote  which  dis- 
tills below  270*"  C,  the  oils  containing  the  larger  proportion  of 
low-boiling  oils  being  more  toxic  than  those  containing  lesser 
amounts.  It  was  natural,  therefore,  in  looking  for  a  non-toxic, 
or  barren  oil,  that  those  oils  having  the  largest  proportion  of 
high-boiling  materials  should  be  first  attacked.  The  work  at  the 
U.  S.  Forest  Products  Laboratory  at  Madison,  Wis.,  has  been 
confined  to  high-boiling  creosotes. 

The  first  work  was  on  fraction  4,  which  has  been  frequently 
mentioned  in  connection  with  various  experiments  of  the  labora- 
tory. This  fraction  was  first  distilled  through  a  Hempel  flask 
and  all  the  material  boiling  below  270°  C.  rejected.  This  dis- 
tillate above  270**  C,  was  cooled  and  freed  from  solid  matter  by 
freezing  and  pressing.  The  liquid  thus  obtained  was  washed 
first  with  caustic  soda  solution,  and  then  with  dilute  sulphuric 
acid  to  remove  as  much  as  possible  of  the   tar  acids   and  tar 


*Chemi8t  in  Forest  Products,  Forest  Products  Laboratory,  Madison,  Wis. 
^Proceedings,  American  Wood-Preservers'  Association,  1920,  p.  261. 
•Wood-Preserving,  Vol.  Ill,  No.  4,  1916. 
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bases  which  it  contained.  It  was  then  boiled  for  3  weeks  with 
solutions  of  acids  and  akalis,  using:  fresh  acid  and  alkali  each 
day  and  alternating  the  treatments  until  finally  the  aqueous 
solutions  remained  clear  and  gave  no  tests  for  tar  acids  or  tar 
bases.  The  oil  was  then  dried  and  distilled.  When  this  oil  was 
tested  for  its  toxicity  against  Fomes  annosus  by  the  standard 
toxicity  test  used  at  the  Forest  Products  Laboratory,  20%  of 
the  oil  failed  to  kill  the  fungus,  although  there  was  a  slight  re- 
tardation in  its  grpwth.  The  yield  of  this  oil  was  rather  small, 
probably  due  to  the  excessive  amounts  of  solid  hydrocarbons. 

High-boiling  liquid  coal-tar  wood-preserving  oils  were  next 
investigated  as  a  source  of  barren  oil.  An  ordinary  commercial 
oil  was  selected,  which  had  the  following  distillation',  using  an 
ordinary  flask: 

Perewii. 

Up  to  286-   C. 24.7 

From  286*  C.  to  840'  C 28.6 

Prom  840*  C.  to  4W  C 86.4 

Retidue  above  410'  C 11.4 

TotaL 100.0 

A  total  of  1300  c.c.  of  oil  boiling  between  285°  C.  and 
410**  C.  were  obtained.  This  oil  was  treated  with  dilute  acids 
and  alkalis,  as  previously  described  in  fraction  4  and  after- 
wards distilled  and  tested  {or  4ts  toxicity.  A  yield  of  820  c.c. 
of  bright,  clear  oil  was  obtained,  amounting  to  63%  of  the 
original  oil,  boiling  between  285 **  C.  and  410**  C,  or  40%  of  the 
total  oil.  This  "barren"  oil  failed  to  kill  Fomea  cmnosua  when 
used  in  amounts  up  to  20%. 

Fig.  1  shows  a  culture  of  Fomes  armoaiis  growing  on  agar- 
agar,  containing  20%  of  barren  oil  2  weeks  after  inoculation 
with  the  fungus.  This  experiment  shows  conclusively  that  there 
is  in  coal-tar  creosote  a  non-toxic,  or  barren  oil,  and  that  this 
barren  oil  may  be  present  in  considerable  quantities  which  sup- 
I>orts  the  theory  as  given  last  year*. 

Shackell'  has  shown  that  in  the  case  of  limnoria  the  effective 
toxic  material  is  at  least  dissolved  in  water.  In  fact, 
the  methods  used  in  testing  the  toxicity  of  materials  against 
both  the  marine  borer  and  fungi  are  such  as  to  practically 
prove  that  water  solubility  is  a  necessary  function  of  a  wood 
preservative.     If  we  accept  this  water  solubility  as  proven,  then 


The  previous  experiment  showed  that  it  was  somewhat  easier  to  obtain  a  non- 
toxic oil  if  the  fraction  were  cut  at  286*  C.  rather  than  270*  C. 
^Proceedings.  American  Wood-Preservers'  Association,  1920,  p.  261. 
•Office  report  at  Forest  Products  Laboratory,  diflrest  published  A.  W.-P.  A.,  1916. 
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there  remains  only  to  show  that  the  non-toxic  oil  acts  as  a  res- 
ervoir for  the  toxic  material  to  make  the  proof  of  the  theory 
complete. 

The  second  part  of  this  paper  deals  with  a   mathematical 
treatment  of  toxicity  data  collected  hy  Humphrey  and  Shackell, 


Fig.  1. 

and  attempts  to  show  that  a  solubility  partition*  exists  in  certain 
coal-tar  fractions.  If  there  is  a  solubility  partition,  then  the 
creosote  may  under  certain  conditions  act  as  a  reservoir  for  the 
toxic  materials. 


"When  any  material  ia  mutually  soluble  in  2  other  materials  which  are  in- 
soluble in  each  other,  the  mutually-soluble  material  divides  itself  between  the  2 
media  in  a  very  definite  manner,  i'  these  8  materials  are  mixed  together.  The 
manner  in  which  the  mutually-soluble  material  is  divided  is  such  that  its  concen- 
tration in  1  medium  is  in  a  definite  and  fixed  ratio  to  its  concentration  in  the 
other.  This  ratio  'is  called  solubility  partition,  and  is  always  the  same  for  any  S 
materials. 


Digitized  by  VjOOQ IC 


American  Wood-Preservers'  Association      509 

Shackell  presented  a  record  of  his  experiments  on  limnoria 
to  the  American  Wood-Preservers'  Association  in  1916,  in  which 
he  showed  the  effect  of  known  quantities  of  preservatives  upon 
the  wood  destroyer.     As  a  measure  of  the  effect,  he  chose  the 
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lengrth  of  time  required  to  kill  limnoria  immersed  in  sea-water 
containing  the  preservative.  Curve  1,  Fig.  2,  shows  the  time 
required  to  kill  1  or  more  limnoria  when  immersed  in  various 
concentrations  of  phenol  in  sea-water.  The  time  required  to 
kill  1  limnoria  was  chosen,  because  it  was  impossible  to  obtain 
from  the  data  the  time  required  for  all  of  them,  and  also  be- 
cause this  strength  of  preservative  is  the  minimum  which  can 
be  considered  as  effective,  since  naturally  the  weak  animals  would 
be  killed  first. 

The  equation  for  this  curve  is  YX3/2=K. 

Where  Y  is  the  time  required  to  kill,  X  the  concentration  of 
the  preservative,  and  K  the  constant. 

The  left  side  of  the  equation  includes  the  killing  time  and 
concentration  of  preservative.  It  does  not  refer  to  the  type  of 
preservative  used,  but  merely  says  that  by  varying  the  con- 
centration, the  killing  time  is  varied.  The  same  equation,  but 
with  a  different  value  for  K,  should,  therefore,  fit  all  water- 
soluble  preservatives  when  used  against  the  same  organism. 
Curve  2,  Fig.  2,  shows  the  curve  for  cresol  derived  from  this 
equation  by  solving  for  K  at  the  1%  point.  The  resulting  curve 
passes  through  the  other  experimental  points  within  the  limits 
of  experimental  error,  thereby  proving  the  accuracy  of  the 
equation. 

Shackell  also  mixed  10  gms.  of  fraction  1  and  100  gms.  of 
sea-water,  and  then  tested  the  t<Jxicity  of  the  water.  He  then 
diluted  the  toxic  water  with  an  equal  amount  of  sea-water,  and 
subsequently  diluted  this  to  contain  only  one-fourth  of  the  original 
toxic  material  dissolved  from  the  10  gms.  of  creosote. 

Fig.  3,  curve  1,  shows  the  effect  of  diluting  the  water-soluble 
material  obtained  in  100  gms.  of  water  from  10  gms.  of  fraction 
1.  The  point  plotted  at  5%  represents  the  concentration  of 
water-soluble  material  obtained  by  diluting  the  above  solution  to 
one-half  its  volume.  The  point  plotted  at  2.5%  represents  a 
second  dilution  of  the  same  material. 

The  curve  was  obtained  by  solving  for  K  in  the  equation 
YX3/2=K,  using  the  point  plotted  at  &%.  The  curve  passes 
through  the  other  2  experimental  points.  This  shows  that  the 
water-soluble-toxic  material  in  fraction  1,  when  separated  from 
the  oil,  affects  limnoria  in  the  same  manner  as  other  water- 
soluble  materials. 

Shackell  further  tested  fraction  1  by  using  2^  gms.,  5  gms., 
and  10  gms.  of  creosote  suspended  in  100  c.c.  of  sea-water. 
Curve  2  in  Fig.  3,  represents  the  toxicity  of  fraction  1  when  dif- 
ferent amounts  of  oil  are  used  in  contact  with  water. 
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If  the  water  dissolved  all  the  material  from  the  creosote,  then 
he  should  have  obtained  the  same  result  if  he  used  10  gms.  of 
creosote  and  100  gms.  of  water,  and  subsequently  diluted  the 
water  solution  to  one-half  its  strengrth,  as  he  did  by  using  5  gms. 
of  creosote  and  100  gms.  of  water.  If,  however,  the  toxic  material 
were  much  more  soluble  in  oil  than  in  water  then  he  should  get 
a  stronger  aqueous  solution,  using  5  gms.  of  creosote  than  with 
10  gms.  of  creosote,  and  subsequently  diluting  to  one-half 
strength. 

Let  us  suppose  that  the  toxic  material  in  some  given  oil  is 
100  times  more  soluble  in  the  oil  than  it  id  in  water  and  that 
we  have  1  gm.  of  toxic  material  dissolved  in  9  gms.  of  oil. 
If  we  put  this  oil  solution  in  contact  with  water  the  toxic  ma- 
terial will  divide  itself  between  the  oil  and  the  water  in  such  a 
manner  that  the  concentration  of  the  toxic  material  in  cil  is 
100  times  its  concentration  in  water.  The  amount  of  toxic  ma- 
terials dissolved  in  the  oil  will  be  the  concentration  in  the  oil 
multiplied  by  the  weight  of  oil.  Similarly,  the  amount  of  toxic 
material  in  the  water  will  be  its  concentration  in  water  multiplied 
by  the  amount  of  water.  If  then  we  put  1  gm.  of  toxic  material 
and  9  gms.  of  oil  in  contact  with  100  gms.  of  water,  the  amount 
dissolved  in  the  2  media  will  be  in  proportion  to  their  weight 
times  their  concentration.  For  oil  this  will  be  9  x  100,  and  for 
water  100  x  1;  that  is,  0.9  gm.  of  toxic  material  will  stay  dis- 
solved in  the  oil,  and  0.1  of  a  gram  will  be  in  the  water. 
The  concentration  of  the  toxic  material  in  water  will,  therefore, 
be  0.1%. 

If,  however,  only  4.5  gms.  of  oil  were  used  and  0.5  gm.  of 
toxic  material  with  100  gms.  of  water,  then  the  ratio  would  be 
for  oil  4.5  X  100,  and  for  water  100  x  1.  The  toxic  materials  in 
this  case  would  be  divided  as  follows:  0.41  g:m.  dissolved  in  the 
oil,  and  0.09  gm.  dissolved  in  the  water.  The  concentration  in 
the  water  would,  therefore,  be  0.09%.  In  other  words,  by  re- 
ducing the  amount  of  oil  and  toxic  material  by  50%  we  have  re- 
duced the  strength  of  the  water  solution  by  only  10%.  If  then 
we  find  the  results  obtained  by  using  one-half  as  much  oil  different 
from  the  results  obtained  by  diluting  the  water  solution  to  one- 
half  its  concentration  it  proves  that  some  of  the  toxic  materials 
are  held  in  the  oil.  Curve  2  in  Fig.  3  represents  the  toxicity  of 
fraction  1  when  different  amounts  of  oil  are  used  in  contact  with 
water. 

From  these  two  sets  of  data  the  solubility  partition  of  the 
toxic  material  in  the  toxic  oil  and  water  can  be  calculated  if  we 
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assume  that  equal  effects  on  the  limnoria  are  caused  by  equal 
concentration  of  the  toxic  material  in  water.  Neither  the  con- 
centration of  the  toxic  material  in  water  nor  the  amount  originally 
present  in  creosote  need  be  known  for  this  computation.  Cal- 
culations based  on  these  hypotheses  show  that  the  solubility  par- 
tition of  the  toxic  oil  in  the  non-toxic  oil  and  in  water  are  as  110 
is  to  1,  that  is,  the  toxic  oil  is  110  times  more  soluble  in  creosote 
than  it  is  in  water. 

The  data  collected  by  Humphrey  on  the  toxicity  against  Famea 
annastts  have  also  been  analyzed  mathematically.  It  seems  likely 
that  the  equation  Z/X0.14=:K  is  correct  for  this  fungus,  where 
Z  is  the  percentage  retardation  in  the  growth  of  the  fungus 
caused  by  the  concentration  of  the  preservative.  Z  is  obtained  by 
subtracting  the  retarded  growth  as  measured  in  the  petri  dish, 
from  the  normal  growth  of  the  fungus,  and  dividing  by  the  nor- 
mal growth. 

Figs.  4  to  8  show  the  equations  and  experimental  data  of 
5  materials  which  have  been  tested  against  this  fungus.  It  is  to 
be  noted  that  the  equations  differ  from  each  other  only  in  the 
value  of  K.  The  data  and  the  curves  fit  as  well  as  could  be  ex- 
pected, particularly  in  view  of  the  fact  that  the  data  were  not 
collected  with  the  idea  of  subjecting  same  to  mathematical  treat- 
ment, but  only  to  give  some  idea  of  the  toxicity  of  the  preserva- 
tives. If  then  we  apply  this  equation  to  some  point  on  the  toxi- 
city data  of  fraction  1,  we  ought  to  obtain  a  second  pair  of  curves 
from  which  the  solubility  partition  could  be  calculated. 

Fig.  9  shows  such  a  pair  of  curves.  The  lower  curve  is  de- 
rived by  solving  for  K  in  the  equation  Z/X0.14=:K,  using  the  0.2 
point,  which  has  been  checked  6  times  with  an  error  of  less 
than  1%.  Here  again,  as  in  the  case  of  limnoria  we  find  that 
the  curve,  which  should  have  held  if  it  were  a  straight  solubility 
condition,  does  not  hold  for  oil  solutions.  The  solubility  partition 
calculated  from  this  data  is  114,  which  is  not  far  different  from 
the  110  obtained  from  Shackell's  data.  Further  proof  of  this  is, 
of  course,  necessary  before  it  can  be  accepted  as  final,  but  it  is 
at  least  a  very  strong  indication  of  the  correctness  of  the  theory 
put  forth  last  year. 

Experiments  are  now  under  way  to  substantiate  the  cal- 
culated data  discussed.  Should  these  experiments  show  and  it 
seems  likely  that  they  will,  that  this  is  the  correct  hypothesis  it 
will  point  out  the  way  in  which  experiments  must  be  con- 
ducted:    (1)  to  foretell  the  probable  life  of  any  wood-preserving 
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oil,  be  it  coal-tar  creosote,  coal-tar  solutions,  water-gas  tar,  or 
any  other  oily  material;  (2)  to  determine  how  far  we  might  go 
in  diluting  creosote  in  order  that  ties  may  have  the  same  pre- 
served life  as  their  mechanical  life;  and  (3)  to  fortify  creosote 
against  the  attacks  of  marine  borers.  Experiments  of  the  nature 
are,  however,  time-consuming  and  expensive,  and  at  our  present 
rate  it  may  require  a  long  time  for  the  work  to  be  completed. 

The  President:  We  would  be  very  glad  to  have  anyone  dis- 
cuss this  paper. 

Mr.  C.  M.  Taylor:  There  has  been  some  criticism  in  this 
convention  as  to  its  being  non-technical.  I  think  that  we  have 
sort  of  turned  over  a  new  leaf  this  morning.  We  have  had 
creosoted  conduits  shown  to  us  as  the  best  types  of  creosoted 
material;  we  have  had  Mr.  Bateman's  paper  here  on  the  solu- 
bility of  creosote  oil,  which  is  a  rather  advanced  thought.  This  is 
the  second  time  Mr.  Bateman  has  brought  this  before  you,  and  I 
trust  that  there  will  be  considerable  discussion  on  the  part  of  all. 
This  type  of  oil  that  Mr.  Bateman  has  developed,  as  he  called  it 
"barren  oil,"  certainly  indicates  to  us  that  we  know  very  little 
about  creosote  oil  as  yet.  As  you  know,  some  railroads  are  now 
mixing  creosote  oil  with  petroleum  oil,  and  they  think  they  are  on 
the  right  track.  By  such  experiments  as  these  that  Mr.  Bateman 
carried  on  they  ought  to  be  able  to  determine  ahead  of  time  just 
what  toxicity  conditions  they  have  in  their  mixed  oils.  This  is  in 
line  with  the  thought  that  we  have  not  as  much  creosote  oil  as  we 
would  like  to  have,  and  if  we  can  use  it  to  better  advantage  we 
should  certainly  do  so. 

The  President:  The  next  item  is  the  Report  of  Committee  No. 
6-4  on  Switch-Tie  Yards. 

REPORT  OF  COMMITTEE  NO.  6-4— SWITCH-TIE  YARDS. 

To  the  Members  of  the  American  Wood^Preservers*  Association: 

Your  Committee  first  wishes  to  call  attention  to  the  fact  that 
it  is  possible  to  make  recommendations  for  the  laying  out  of 
switch-tie  yards  only  in  a  very  general  way,  due  to  the  various 
kinds  of  sets  used,  the  different  variations,  or  breaks,  in  lengths, 
the  size  of  the  switch-tie  used,  etc.,  all  of  which  have  considerable 
bearing  upon  the  type  of  yard  which  would  be  most  convenient 
for  any  given  set  of  conditions. 

Your  Committee  feels  that  it  is  important  in  laying  out  a 
switch-tie  yard,  that  all  details  be  arranged  to  the  end  that  as  much 
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of  the  handling  as  possible  be  done  mechanically.  A  great  many 
plants  are  using  locomotive  cranes  to  handle  their  switch-ties, 
others  use  the  rubble  car  to  aid  in  distributing  the  different  length 
ties  to  the  proper  pile,  and  possibly  there  are  plants  using  some 
type  of  power  conveyor  to  move  the  switch-ties  to  and  from  the 
piles;  at  any  rate,  this  is  a  possibility,  and  your  Committee  has 
endeavored  to  keep  these  things  in  mind  in  making  this  report. 

Sketch  shows  a  portion  of  3  different  switch-tie  tracks:  No.  1, 
a  d-rail  track  for  tram  cars  and  standard  gauge  cars;  No.  2,  2 
3-rail  tracks  16-foot  centers,  and  No.  3,  standard  and  narrow 
gauge  tracks  side  by  side.  In  making  this  drawing  it  was  assumed 
that  the  switch-ties  were  of  6-inch  variation  in  length,  and  ranged 
from  8  feet  to  16  feet  6  inches.  It  was  also  assumed  that  enough 
of  the  8-foot  6-inch  and  9-foot  ties  were  handled  to  make  it  con- 
venient to  have  2  piles  for  each  of  these,  to  1  pile  of  the  other 
lengths.  Obviously,  if  switch-ties  of  a  1-foot  variation  or  break 
are  to  be  yarded,  a  less  number  of  piles  would  have  to  be  provided 
per  section  of  track;  if  4- inch  variation  are  to  be  handled,  the 
section  would  require  more  piles. 

No.  1  shows  10-foot  clearance,  rail  to  front  of  pile,  to  permit 
slewing  of  locomotive  crane.  If  no  crane  is  to  be  used  it  would 
be  preferable  to  reduce  this  distance  to  6  feet.  It  is  thought  best 
to  arrange  the  piles  so  that  part  of  the  lengths  are  on  one  side  of 
the  track  and  part  on  the  other,  in  this  way  reducing  the  distance 
to  be  traveled  in  distributing  a  carload  of  mixed  lengrths. 

No.  2  consists  of  2  d-rail  tracks,  and  permits  the  use  of  loco- 
motive crane  for  all  handlings,  the  use  of  rubble  care  for  distrib- 
uting the  various  lengths  of  switch-ties  to  the  proper  piles  when 
unloading  cars  by  hand  labor;  also  this  arrangement  seems  to  be 
favorable  to  the  use  of  stackers  (if  possible,  to  mount  them  on  cars 
or  on  wheels) ,  the  stackers  to  run  on  track  next  the  material  to  be 
handled,  while  cars  or  trams  are  handled  on  opposite  track. 

No.  3  shows  a  narrow  and  standard-gauge  track  side  by  side. 
This  arrangement  permits  the  convenient  use  of  locomotive  crane 
for  all  handlings.  In  this  arrangement,  as  in  No.  1,  it  is  thought 
best  to  arrange  the  piles  so  that  a  part  of  the  lengths  are  on  one 
side  of  the  track  and  part  on  the  other,  to  reduce  the  distance  to  be 
traveled  in  distributing  a  carload  of  mixed  lengrths. 

Photograph  Fig.  1  shows  a  satisfactory  manner  of  piling  un- 
treated switch-ties  for  seasoning.  The  stripping  is  4x4  car-stakes, 
which  have  been  given  a  zinc  treatment.  This  method  is  conveni- 
ent for  loading  the  ties  from  pile  to  trams  with  locomotive  crane. 
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Fig.  1.— Method  of  Piling  Untreated  Switch-Ties   for  Seasoning. 

Photographs  2  and  3  show  a  track  of  untreated  switch-ties  at 
one  of  the  eastern  plants.  The  stripping  in  this  case  is  2-inch 
treated  material. 


Fig.  2.— Untreated  Switch-Ties  at  an  Eastern  Treating  Plant. 
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Fiar.  8.— Another  View  of  a  Track  of  Untreated  Switch-Ties  at  an  Eastern 
Treating  Plant. 

In  conclusion,  your  Committee  want  to  emphasize  the  fact  that 
practically  everybody  whom  they  consulted  agrees  that  switch-ties 
ought  to  be  piled  in  separate  lengths,  for  the  following  reasons : 

(1)  Any  length  switch-tie  needed  can  be  gotten  at 

quickly  without  extra  handling. 

(2)  If  switch-ties  are  loaded  on  trams  in  random 

lengths  as  many  cubic  feet  cannot  be  loaded 
into  a  charge  as  can  be  done  if  each  tram  is 
loaded  with  only  1  length. 

(3)  Where  it  is  required  to  ship  switch-ties  in  sets 

they  can  be  loaded  more  conveniently  on  the 
trams  and  handled  at  less  cost.  We  admit  it 
costs  more  to  separate  them  when  they  are 
first  unloaded  on  the  yard,  but  this  is  more 
than  offset  by  saving  the  cost  of  separating 
them  from  a  pile  of  mixed  lengths  when  the 
ties  are  ready  for  treatment. 

R.  S.  Belcher,  Chairman, 
E.  E.  Alexander. 
E.  S.  Parks. 

J.  H.  Waterman, 

General  Chairman. 

The  President:  The  report  of  the  Committee  is  now  open  for 
discussion. 

Mr.  J.'  H.  Waterman:  Mr.  Chairman,  there  is  a  gentleman 
over  here  tonight  who  might  give  us  some  information  on  han- 
dling material  by  the  traveling  crane. 

Mr.  a.  H.  Onstad:  Mr.  President  and  Gentlemen,  I  did  not 
expect  to  be  called  on  for  anything  along  this  line,  otherwise,  I 
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might  have  prepared  something  that  might  have  been  interesting. 
I  was  talking  with  Mr.  Waterman  yesterday,  telling  him  what 
we  have  been  doing  in  the  way  of  handling  lumber  and  timber 
without  using  as  much  main  strength  and  awkwardness  as  is 
usually  done  around  the  timber  yards. 

About  six  years  ago  in  building  our  mill  at  Everett  we  installed 
a  bridge  type  crane  for  handling  lumber  instead  of  the  usual 
method  of  using  a  locomotive  type  crane.  After  giving  this  thing 
some  study  we  decided  that  we  could  also  build  a  hook,  or  carrier, 
to  attach  to  that  crane  whereby  the  operator  up  in  the  cage 
could  take  hold  of  the  loads,  transport  them  to  the  place  where 
they  were  to  be  placed,  set  them  down,  and  .release  them 
without  the  help  of  a  ground  man.  We  put  that  crane  into  op- 
eration serving  our  planing  tnill.  The  cycle  of  operation  for  that 
particular  job  it  this:  Along  the  mill  sorter  the  lumber  is 
piled  on  tram-cars  similar  to  what  you  saw  over  at  the  Rutledge 
Timber  Company  at  Coeur  d'Alene,  Idaho.  After  these  cars 
are  loaded  they  are  switched  by  transfer  cars  similar  to 
those  used  at  Coeur  d'Alene,  except  that  they  are  electrically- 
driven,  under  the  crane  runway  at  one  end  of  the  runway.  The 
crane  then  travels  down  over  this,  what  you  might  call  temporary 
storage  yard,  to  the  cars.  The  operator  takes  any  unit  off  from 
any  car  he  chooses,  and  takes  it  into  the  planing  mill,  and  sets  the 
unit  down  on  a  set  of  live  rolls  in  front  of  the  particular  machine 
that  will  be  used  on  that  particular  load  of  lumber. 

We  have  not  kept  any  real  record  as  to  what  that  crane  can  do 
in  one  day,  but  I  do  know  of  days  when  it  has  handled  more  than 
600,000  ft.  of  lumber  with  only  one  man  operating  the  crane. 

Since  that  time  we  have  made  a  similar  installation  at  the  mill 
at  Snoqualmie  Falls,  Wash.,  which  is  working  satisfactorily,  and 
last  summer  we  built  a  big  retail  yard  in  St.  Paul,  Minnesota. 
We  have  in  this  yard  large  sheds  into  which  we  put  our  yard 
stock  sizes.  All  of  the  lumber  of  this  kind  shipped  to  this  yard 
comes  in  box-cars,  because  it  is  such  material  as  you  wish  to  keep 
under  cover.  The  lumber  from  these  cars  is  loaded  onto  2-wheel 
buggies,  somewhat  similar  to  those  you  have  seen  around  the 
various  mills  on  this  trip. 

We  pile  the  lumber  onto  these  buggies,  into  what  we  have 
determined  as  standard  units — a  unit  being  4  ft.  wide  and  4  ft. 
high,  and  of  a  length  of  the  particular  stock  handled.  These  units 
contain  variable  quantities^ — ^units  of  short  length  having  say  1,800 
board  feet  measure,  while  a  unit  of  2x4's  16  ft.  long  contains  3,800 
board  feet,  and  a  unit  of  2x4's  24  ft.  long  would  contain  5,700 
board  feet. 


Digitized  by  LjOOQ IC 


520  Seventeenth  Annual  Meeting 

These  units,  after  being  loaded  on  the  buggies,  are  pushed  under 
the  crane-runway.  The  only  care  exercised  in  spotting  the  loads 
for  the  crane  is  to  see  that  the  unit  is  setting  practically  parallel 
to  the  crane-runway  rail.  When  the  crane  comes  along  it  picks 
this  unit  off  the  buggy,  and  puts  it  into  a  pile.  We  have  adopted 
as  a  standard  pile,  one  of  6  units  high,  making  the  pile,  allowing 
for  the  spacers  between  units,  31  ft.  from  the  ground  to  the  top  of 
the  pile. 

We  have  just  completed  a  yard  at  Baltimore,  Md.,  where  we  have 
built  2  sheds,  each  76  ft.  wide  and  700  ft.  long,  each  equipped  with 
bridge  type  cranes.  These  sheds  are  so  high  that  we  will  there 
also  make  ouf  piles  6  units  or  31  ft.  high. 

The  results  obtained  in  using  cranes  for  handling  lumber  at  our 
ot^er  plants  have  been  so  satisfactory  that  we  adopted  it  for  our 
new  plant  at  Baltimore. 

Our  plans  for  Baltimore  also  call  for  a  big  timber  shed.  Here 
the  timbers  are  to  be  handled  by  bridge  type  cranes. 

We  have  designed  a  hook  for  use  in  handling  timber,  with  the 
use  of  which  the  crane  operator  can,  without  the  help  of  a  ground 
man,  take  the  timbers  off  a  flat  or  gondola  car,  picking  the  timbers 
out  one  at  a  time,  and  placing  them  on  the  pile,  or  taking  them  out 
of  the  pile,  and  putting  them  onto  a  car  without  having  strippers 
between  the  pieces  to  allow  putting  a  sling  around  them.  The 
idea  is  to  take  hold  of  the  timbers  by  the  2  ends,  and  this  hook  as 
we  have  designed  it,  will  automatically  handle  anything  from  8  ft. 
long  to  42  ft.  long.  It  will  also  be  possible  to  handle  short  lengths 
on  a  low  pile  between  2  high  piles  without  leaving  vacant  spaces  at 
each  end  for  the  hook,  thus  utilizing  all  of  the  floor  space  under 
the  area  covered  by  the  crane. 

We  have  not  yet  built  one  of  these  hooks,  though  I  have  made  a 
model  of  it,  based  on  a  scale,  1  inch  equals  a  foot,  and  having  done 
quite  a  little  experimenting  with  it  am  now  making  a  larger  model 
to  see  what  difficulties  we  might  have  to  overcome,  so  while  we 
have  not  yet  put  this  hook  into  operation  we  know  it  can  be  made 
to  work,  and  we  will  make  it  work. 

Mr.  J.  H.  Waterman:  This  statement  that  he  has  made  is  the 
most  wonderful  statement  I  ever  heard  on  handling  material  in  a 
material  yard.  I  presume  you  all  appreciate  it.  Just  the  man  in 
the  cage,  or  the  operator,  is  the  only  help  he  has.  I  think  those  of 
us  who  have  run  up  against  the  proposition  of  labor  want  to  in- 
vestigate that  pretty  thoroughly,  because  it  seems  to  me  they 
overcome  what  we  have  been  trying  to  overcome  in  various  other 
ways. 
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The  President:  It  may  be  of  interest  to  know  that  recently  a 
light  type  of  gantry  crane  has  been  proposed  for  all  tie  and  switch- 
tie  yards.  It  is  a  good  deal  on  the  principle  of  the  bridge  type  that 
Mr.  Onstad  speaks  of,  except  that  it  is  of  light  construction,  with- 
out the  overhead  tracks.  A  number  of  us  have  been  working  on 
this  proposition,  and'it  is  hoped  that  someone  will  be  found  with  as 
much  faith  as  Mr.  Waterman  has  to  go  ahead  and  make  it  work. 

Is  there  any  further  discussion?  We  will  accept  the  report  of 
the  Committee  with  thanks. 

Mr.  Larkin,  are  you  ready  with  your  report  on  "Car  Loading?" 

Mb.  a.  E.  Larkin:  This  was  a  sub-committee  appointed  to 
work  under  Mr.  Waterman's  general  supervision  to  investigate  the 
possibilities  of  loading  box-cars  with  treated  ties  in  any  way  other 
than  the  way  this  work  is  being  done  now  generally  throughout 
the  country,  namely,  on  the  piece-work  basis.  Although  this  Com- 
mittee has  been  in  touch  with  a  very  great  many  people  throughout 
the  country,  including  a  great  many  members  of  this  Association 
and  members  of  other  associations,  we  have  received  invariably 
replies  to  the  effect  that  no  satisfactory  method  has  been  developed 
for  loading  closed  cars  with  treated  ties  other  than  the  method  now 
in  use.  I  will  outline  just  one  or  two  suggestions,  and  ask  for  some 
discussion  of  this  problem,  because  it  may  be  that  someone  with 
whom  we  did  not  correspond  has  developed  some  method  of  value 
in  this  connection. 

There  is  one  suggestion  that  has  come  out  of  the  Metropolis 
plant  of  the  Joyce- Watkins  Company,  and  considering  the  size  of 
that  plant,  the  way  it  is  operated,  and  the  excellent  work  that  is 
done  there,  any  suggestion  emanating  from  it  should  have  our 
careful  consideration.  There  has  been  some  work  done  at  this 
plant  in  connection  with  the  building  of  a  machine  for  putting  ties 
from  trams  into  cars.  It  has  not  been  perfected  as  yet,  but  it 
contains  some  good  points  that  should  be  considered  in  this  con- 
nection. 

It  seems  that  they  had  the  usual  experience  with  labor  in  con- 
nection with  this  effort  with  which  we  are  all  familiar,  namely, 
that  the  plant  men  refused  to  give  any  real  assistance  in  the  op- 
eration of  the  new  machine  which  resulted  in  its  not  getting  any- 
thing like  a  fair  trial.    lApplau8€.'\ 

Mr.  R.  L.  Allardyce:  May  I  be  allowed  to  make  a  suggestion? 
We  have  been  handicapped  in  regard  to  labor  conditions,  and  have 
built  3  tracks  with  22-ft.  centers,  and  handle  our  ties  from  the 
tram  onta  skid  platforms.  By  doing  this  we  are  able  to  place  the 
cars  for  loading  and  release  the  trams  in  about  45  minutes  to  an 
hour.    This  places  the  ties  at  the  car-door,  and  the  movement  of 
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the  switch  engine  of  8  ft.  will  keep  the  ties  right  in  front  of  the 
doors.  Two  men  load  the  cars»  an  average  loading  car  of  about 
2^  hours,  350  to  400  ties.  By  doing  this  we  have  increased  the 
operations  of  the  plant  during  this  last  year  with  its  attending 
labor  shortage.  Our  retort  is  very  large.  I  believe  it  is  the 
largest  in  the  United  States.  But  by  the  use  of  locomotive  cranes 
we  are  handling  hewn  ties  from  1,800  to  2,200  and  sawn  ties  from 
2,500  to  2,700  per  charge,  so  you  see  we  are  up  against  the  real 
proposition  for  labor.  This  has  been  a  great  help  to  us,  and  if  this 
is  of  any  benefit  to  the  Association  I  would  be  glad  to  go  into  it 
further  if  anyone  wants  to  discuss  it. 

The  Pbesident:  Mr.  Allardyce  has  some  excellent  pictures 
with  him  which  I  have  had  the  pleasure  of  seeing,  and  I  think  that 
they  show  this  operation  very  clearly.  It  has  a  further  advantage 
which  has  not  been  mentioned  in  that  the  treated  ties  which  come 
out  of  the  retort  hot  may  be  immediately  unloaded  from  the  tram- 
cars  and  placed  on  these  skids  so  that  instead  of  holding  the  tram- 
cars  loaded  with  treated  ties  until  the  load  cool  sufficiently  to  be 
handled  by  hand,  they  may  be  immediately  unloaded  and  the  ties 
stacked  to  be  later  skidded  from  the  platforms  into  the  cars.  The 
photographs  that  Mr.  Allardyce  has  shows  this  condition  very 
clearly  and  from  a  plant  operation  standpoint,  those  of  us  who 
have  been  fighting  the  tram-car  situation,  and  who  know  the  neces- 
sity of  having  sufficient  tram-cars  on  hand  to  keep  loaded  ties 
ready  for  the  retort,  will  appreciate  the  fact  that  this  means  of 
taking  the  treated  ties  immediately  after  treatment  and  putting 
them  on  the  skids  simply  means  that  we  are  able  to  double  the 
number  of  effective  trams  that  we  have  on  the  yard.  At  the  price 
of  tram-cars  today  any  man  who  can  cut  his  investment  in  half 
on  an  item  like  that  has  accomplished  a  great  deal  more  than 
simply  increasing  the  output  of  his  plant.  I  think  you  gentlemen 
will  be  very  glad  to  have  the  opportunity  of  getting  a  look  at  these 
photographs  that  Mr.  Allardyce  has. 

Mr.  a.  E.  Larkin:  This  arrangement  does  get  the  ties  up 
shoulder  high  or  waist  high  ready  for  loading,  and  to  that  extent 
it  must  facilitate  the  loading  of  ties  in  box-cars.  It,  however, 
does  not  deliver  the  ties  from  the  yard  into  box-cars.  I  would  like 
to  ask  Mr.  Allardyce  just  what  influence  has  this  arrangement  had 
on  the  cost  of  your  loading. 

Mr.  R.  L.  Allardyce:  There  has  been  a  heavy  increase,  includ- 
ing the  increased  cost  of  labor  that  we  have  had.  We  have  had  a 
good  deal  of  friction  in  our  labor  districts,  and  it  is  not  the  cost 
of  labor  at  the  present  time,  but  merely  to  release  the  trams  as 
quickly  as  possible. 
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Mb.  a.  E.  Larkin:     Does  it  not  reduce  the  cost  of  your  loading? 

Mr.  R.  L.  Allardyce:  It  should  reduce  the  cost  but  under  the 
present  conditions  of  labor  it  has  not  done  so,  but  after  labor  gets 
plentiful  we  will  be  able  to  reduce  our  costs. 

Mr.  a.  E.  Larkin:  In  other  words,  it  must  be  more  attractive 
to  the  tie-handler  in  that  position  rather  than  to  pick  it  up  from 
the  ground. 

Mr.  R.  L.  Allardyce:  Yes,  for  the  simple  reason  2  men  load 
the  car  instead  of  4  men,  you  understand. 

Mr.  a.  E.  Larkin  :     There  is  a  big  reduction  right  there. 

Mr.  R.  L.  Allardyce:  It  costs  just  as  much  to  handle  cars 
with  2  men  as  with  4  men.  If  it  cost  you  3  cents  a  tie,  it  would  cost 
you  $3.00  a  hundred,  and  4  men  would  divide  the  $3.00,  so  it  really 
would  not  cost  you  any  more.  The  working  conditions  are  much 
better,  and  as  it  appeals  to  the  men  they  do  more  satisfactory 
work. 

The  President:  Is  there  any  further  discussion?  If  not,  we 
will  accept  the  report  of  Mr.  Larkin  as  information.    Thank  you. 

I  will  ask  Mr.  Keig's  Committee  to  come  forward  and  we  will 
have  the  Report  of  Committee  No.  5-9  on  Inspection. 

REPORT  OF  COMMITTEE  NO.  5-9-1 NSPECTION. 

To  the  Members  of  the  American  Wood^Preservers*  Association: 
History  of  Inspection. 

The  work  of  this  Committee  has  not  been  without  difficulties, 
because  so  far  as  we  have  been  able  to  determine  after  extended 
search  there  never  has  been  any  endeavor  to  standardize  inspection 
as  we  have  attempted  to  do.  In  1912  R.  L.  Allardyce  presented  a 
paper  entitled  ''Inspections  and  Inspection  of  Material  and  Treat- 
ments at  Commercial  Plants,"  which  contained  valuable  sugges- 
tions. 

The  United  States  Railroad  Administration  standardized  five 
specifications  for  the  preservative  treatment  of  wood,  which  were 
adopted  by  the  American  Railway  Engineering  Association.  Such 
specifications  have  prompted  us  to  initiate  the  building  of  the  pro- 
cedure we  recommend. 

In  the  past  many  seemed  of  the  opinion  that  the  qualifications 
for  a  treatment  inspector  were  few,  the  most  important  being  bis 
ability  to  make  reports  each  day.  This  was  erroneous.  It  is  im- 
portant that  correct  legible  reports  be  made  promptly,  but  this  is 
not  the  inspector's  principal  duty  by  any  means. 
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Analysis  of  Past  Practice. 

Our  aims  have  been  to  attempt  a  uniform  application  of  fun- 
damental principles  so  that  better  results  can  be  obtained.  It  is  the 
work  of  years,  to  be  started  now  and  chang^ed  from  time  to  time 
where  it  will  benefit  the  industry  to  make  changes  through  reject- 
ing bad  practices  and  perfecting  good  practices. 

If  we  are  to  advance  properly  we  ought  to  standardize  our 
method  of  treatment.  The  industry  is  progressing  with  such  leaps 
and  bounds  that  we  ought  to  develop  practices  now  which  will  ex- 
clude the  careless,  lazy  and  visionary  inspectors. 

An  all-important  feature  of  any  method  of  inspection  is  the 
necessity  for  capable  and  competent  workers,  and  while  it  cannot 
be  expected  that  in  each  and  every  case  the  inspector  shall  fill  re- 
quirements in  every  respect  we  think  it  well  to  aiumerate  the  quali- 
fications and  duties  of  a  competent  inspector. 

We  set  only  the  standard  at  present  practicable,  and  no  doubt 
it  will  advance.  Emergencies  arise  when  it  is  not  possible  to  avoid 
sending  to  a  plant  an  inspector  with  a  limited  knowledge  of  the 
treating  industry,  yet  whenever  possible  this  should  be  avoided. 
The  inspector  with  insufiicient  knowledge  will  usually  either  leave 
the  entire  supervision  of  the  work  to  the  treating  company,  or  at- 
tempt to  force  them  to  perform  the  impossible,  both  of  which  tend 
to  raise  the  price  of  the  material  to  the  consumer  and  make  it 
harder  for  the  inspector  to  get  the  proper  result  for  his  superiors. 

Although  plant  officials  make  every  effort  to  prevent  discrep- 
ancies and  accidents  around  the  treating  and  cylinder  room,  there 
are  times  when  they  are  unavoidable,  due  to  new  and  inefficient 
help.  The  inspector  if  alive  to  his  responsibility  will  know  when 
the  discrepancies  occur  and  see  that  the  proper  allowances  and 
adjustments  are  made  so  that  his  company  may  not  suffer. 

Recommendations  for  Plant  Inspection  With  General  Outline  of 
Qualifications  and  Duties  of  Treatment  Inspector. 

The  inspector  should  not  spend  the  major  portion  of  his  time 
in  the  ofilce,  but  rather  his  day  should  be  divided  in  such  a  manner 
that  he  will  spend  most  of  his  time  in*  the  treating  room  and  the 
plant  yard.  He  should  be  familiar  with  what  is  taking  place  in 
the  treating  room  and  the  plant  yard  at  all  times,  and  whenever 
called  upon  bei  in  position  to  know  an3rthing  pertaining  to  con- 
ditions in  the  seasoning  yard,  treating  room,  or  the  plant  in 
general. 

The  tendency  of  the  time  is  toward  an  8-hour  day,  yet  an  in- 
spector who  does  not  put  in  a  full  day  and  part  of  a  night  when 
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necessary  will  not  be  abreast  of  what  is  being  done  for  his  com- 
pany. Where  a  larsre  volume  of  work  is  being  turned  out  an  in- 
spector for  day-work  and  an  inspector  for  night-work  are  ne- 
cessary. 

Where  departures  from  the  specified  requirements  ocour 
it  is  the  duty  of  the  inspector  to  refer  these  variations  to  his 
superior,  so  that  his  decision  may  be  made  with  full  knowledge 
of  what  is  being  done  at  the  treating  plant,  and  to  transmit  this 
decision  of  acceptance  or  rejection  to  the  treating  company.  In 
other  words,  the  inspector  is  not  authorized  to  change  specifica- 
tions or  instructions  given  him,  unless  beyond  doubt  his  refusal 
to  act  before  advising  his  superior  would  materially  interfere  with 
operations.  In  this  case  he  should  act  to  the  best  of  his  knowl- 
edge, advising  his  superior  for  future  guidance. 

In  order  to  carry  on  successful  inspection,  the  inspector  should 
have  at  least  a  fair  working  knowledge  of  the  various  woods  and 
their  susceptibility  to  treatment.  He  should  know  when  material 
is  properly  piled  for  seasoning.  He  should  be  able  to  determine 
when  it  is  sufficiently  seasoned  for  good  treatment,  and  what  forms 
of  decay  render  material  unsuitable  for  treatment. 

The  inspector  need  not  be  a  chemist,  although  the  training 
of  one  is  a  valuable  asset,  but  he  should  have  a  practical  working 
knowledge  of  the  applied  chemistry  of  the  industry.  In  other 
words,  he  should  be  able  to  determine  the  water  content  of  oil,  to 
the  grade  of  oil  by  fractional  distillation,  and  make  the  tests 
necessary  in  treatment  with  zinc  chloride  solutions.  He  should 
also  know  when  and  how  to  sample  the  preservative  used  in  the 
treatment  of  his  material. 

The  efficient  inspector  should  know  the  various  processes 
used  in  the  preservative  treatment  of  wood;  understand  the 
reasons  for  and  effects  of  steaming  at  various  pressures  and  tem- 
peratures for  various  lengths  of  time,  the  effect  of  time  required 
in  the  application  of  pressure  and  of  drawing  a  vacuum  for 
various  periods  on  the  penetration  to  be  expected  with  a  given 
amount  of  preservative,  and  the  effect  of  the  gravity  of  the  pre- 
servative on  the  penetration. 

He  should  acquaint  himself  with  the  various  storage  tanks 
in  which  the  preservatives  are  kept,  and  the  gauges  or  methods 
used  in  measuring  their  contents.  He  should  also  familiarize 
himself  with  the  volume,  temperature  and  pressure  gauges,  con- 
nected with  the  working  tanks  and  cylinders.  All  of  these  in- 
struments should  be  checked  from  time  to  time,  in  order  that  he 
may  be  able  to  vouch  for  their  accuracy.  Figures  in  use  as  to 
capacity  of  cylinders,  working  or  storage  tanks  should  be  checked 
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for  the  same  purpose.  An  inspector  should  be  in  treating  room 
as  much  as  possible  when  timber  is  being  treated,  in  order  that 
he  will  be  in  a  position  to  judge  the  rate  of  absorption  and  have 
sufficient  knowledge  when  issuing  instructions  to  treating  plant 
engineer. 

An  inspector  should  familiarize  himself  with  the  equipment 
of  the  pump  and  cylinder  rooms,  such  as  pressure-pump,  air- 
pump,  water-pump,  and  also  with  all  pipe-lines  and  valves. 

He  should  be  able  to  make  corrections  in  the  temperature 
of  the  preservatives,  and  to  compute  the  number  of  gallons  or 
pounds  of  preservative  retained  in  a  charge. 

In  the  application  of  treating  practices,  it  has  been  found 
that  previous  experience  as  a  treating-plant  engineer  is  of  much 
value  to  the  inspector. 

The  qualifications  for  a  competent  inspector  might  be  out- 
lined in  the  following  manner  : 

I. — An  inspector  should  have  sufficient  knowledge  of  the 
chemistry  applied  in  the  industry  to : 

(1)  Test  for  water  content  in  oil.     (Ref.  1.) 

(2)  Test  for  grade  of  oil  by  fractional  distillation. 

(Ref.  1,  27,  28,  29,  30.) 

(3)  Test  for  strength  and  impurities  of  salt  solu- 

tions.    (Ref.  4,  a.) 

(4)  Test  for  percentage  of  oil  in  emulsions  of  solu- 

tions in  oils,  or  oil  compounds.     (Ref.  1,  4,  5, 
28,  29,  30.) 

(5)  Sample  the  solution  of  oil  being  used.     (Ref. 

5,b.) 

(6)  Determine     gravity     of     oils     and     solutions. 

(Ref.  1.) 

(7)  Determine  effect  of  gravity  of  oil  on  penetration. 

(Ref.  c.  j.) 

II. — Character. 

An  inspector  should  have  a  pleasing  personality, 
and  be   diplomatic   while   protecting   his   employer's 
interests. 
III. — Education. 

1.  The  more  schooling  an  inspector  has  had  the  more 
likely  will  he  be  to  acquire  sufficient  education  in 
the  industry  to  know: 

(♦A)  The  various  kinds  of  woods  and  their  sus- 
ceptibility    to      preservative     treatment. 

(Ref.  5,  6,  7,  8,  9,  10,  11,  12,  13,  14,  15,  16, 
17.) 

(a)  The  general  requirements  of  the  wood 
for  the  particular  uses  to  which  it  may 
be  put.     (Ref.  7,  8.) 

^The   Committee   considers   practi<ad   experience   a   most   important  factor    in 
these  Qoaliflcations. 
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(♦B)  When  wood  is  properly  seasoned  for  pre- 
servative treatment.    (Ref.  5, 7,9,18,19, 20.) 
(a)  Moisture  content  test.     (Ref.  d,  30.) 
.    (b)  Constant  weight  test.     (Ref.  e.) 
(*C)  How  to  determine  the  proper  strengths  of 
solutions,  degree  and  duration  0£  steaming, 
vacuum  and  pressure,  etc.,  for  a  particular 
charge.     (Ref.  6,  7.) 
(  D)  How  to  determine  absorption  in  a  charge. 
(Ref.  f.) 

(a)  Correct  the  volume  readings  at  work- 
ing t^nperatures  to  volume  readings 
at  standard  temperature.     (Ref.  2,  5.) 
(*E)  How  to  test  condition  of  devices  in  use  to 
measure  absorption.     (Ref.  g,  33,  34.) 
(a)  Measurements  of  ullage  or  innage  and 
comparison  with  gauges. 
(  F)  How  to  calculate  the  capacities  of  cylinders, 
working  and  storage  tanks.     (Ref.  33,  34.) 

(a)  Cubical    content    of    cylinders    with 
empty  trams.     (Ref.  h.) 

(b)  Cubical  content  of  timber  per  cylinder 
load.     (Ref.  i,  1.) 

(c)  Capacity  of  working  or  storage  tanks. 
(Ref.  33,  34.) 

(♦G)  How  and  for  how  long  to  pile  various  woods 
for  seasoning.     (Ref.  5,  7,  8,  9,  18, 19,  20.) 

(*H)  The  forms  of  decay  that  preclude  possibil- 
ity of  practical  treatment.     (Ref.  3,  5.) 

(  I)  The  processes  for  preservative  treatment 
of  wood.     (Ref.  1,  6,  6.) 

(a)  AUardyce,  zinc  chloride  and  creosote. 

(b)  Bethell,  full-cell  creosote. 

(c)  Boiling,  boiling  in  creosote. 

(d )  Boulton,  boiling  under  vacuum, creosote. 

(e)  Burnett,  zinc  chloride. 

(f)  Card,  zinc  chloride-creosote. 

(g)  Lowry,  empty-cell,  creosote, 
(h)  Rueping,  empty-cell,  creosote, 
li)  Reutger,  zinc  chloride-creosote. 

(j)  Steaming,  Colman  process,  creosote, 
(k)  Wellhouse,  zinc  chloride-glue-tannin. 
(1)  Brush  treatment,  preservative  applied 

with  brush, 
(m)  Open-tank,   preservative   applied   by 

dipping  or  bath, 
(n)  Kyan,  bath,  mercuric  chloride. 
(J)  The  purposes   and   effects   of   the   several 
steps  in  the  various  treatments.     (Ref.  5, 
7,  21,  22,  23,  24,  26,  26.) 

(a)  Steaming,  degree  and  duration. 

(b)  Initial  vacuum,  degree  and  duration. 

(c)  Pressure,  degree  and  duration. 
(d)  Final  vacuum,  degree  and  duration. 


*The    Committee   considers    practical    experience    a   most   important    factor   in 
these  qualiflcations. 
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IV. — Practice. 

(1)  An  inspector  should  be  industrious  and  in  at- 
tendance at  plant  at  all  times. 

(A)  Divide  time  between  office,  laboratory,  yards 

and  engine  room. 

(B)  In  engine  room  at  introduction  of  charge 

and  completion  of  pressure  period. 
(G)  Familiarize    himself    with    all    mechanical 
equipment  in  use  at  a  particular  plant. 

(a)  Pressure  pump. 

(b)  Vacuum  pump. 

(c)  Air  pump. 

(d)  Water  pump. 

(e)  Various  pipe-lines. 

(f)  Cylinders,  etc. 

(D)  Satisfy    himself    from    time   to   time   that 

gauges   to    indicate   or   record   operations 
during  treatment  are  correct. 

(a)  Specially  constructed  test  gauges. 

(b)  Close  observation. 

(E)  Make  tests  for  penetration. 

(a)  Sample  core.     (Ref.  j.) 

(b)  Sample  disc.     (Ref.  j.) 

(c)  Visual  methods.     (Ref.  3,  31.) 

(d')  Chemical  analysis  of  borings  by  burn- 
ing.    (Ref.  1.) 

(e')  Boiling  of  shavings  or  borings.  (Ref. 
j.) 

(F)  Take  inventory  of  preservatives  on   hand. 

(Ref.  k,  1  and  3.) 

(G)  Familiarize  himself  with  methods  in  use  for 

transferring  or  putting  up  solutions  and 
oils  to  be  used. 

Treating  Operation. 

The  treating  operation  should  be  reported  as  follows: 

All  readings  to  be  taken  from  working-tank  gauges  or  scales. 
In  computing  net  absorption,  containing  salt  solutions,  the  mean 
temperature  of  readings  I  and  V  will  be  used.  In  computing  net 
absorption,  containing  oil  or  oil  compounds,  the  temperature  used 
will  be  correct  to  100**  F. 

I.    Reading  and  temperature  before  filling  voids  in 

treating  cylinders. 
II.     Reading  after  filling  voids  in  treating  cylinder. 
III.    Reading  when  pressure  period  is  completed. 
rV.    Reading  after  first  return  of  preservative  to 
working  tank. 
V.    Reading  and  temperature  after  final  return  of 
preservative  to  working  tank. 

'Borinss  or  shavings  may  be  taken  from  sample  disc  or  material  proper. 
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Example  in  tank  feet  corrected  for  temperature. 


I. 

Reading  from  working  tank  14.65 

11. 

"            "            "          "        9.66 

III. 

"                a                a              u           g  ,7Q 

IV. 

"      13.55 

V. 

"       13.60 

(1)  Reading  I  minus  II  is  volume  required  to  fill  voids  in  treating 
cylinder  as  well  as  partially  fill  voids  in  the  wood,  namely: 
14.65  minus  9.65  equals  5.00,  volume  required  to  fill  voids. 

(2)  Reading  II  minus  III  equals  volume  absorbed  during  pressure 
period,  namely,  9.65  minus  8.70  equals  0.95,  volume  absorbed 
during  pressure  period. 

(3)  Reading  II  minus  III  this  result  minus  results  in  V  minus  fl 
equals  initial  absorption;  namely,  9.65  minus  8.70  equals  0.95 
14.65  minus  18.55  equals  1.10 

1.10  minus  0.95  equals  0.15  initial  absorption. 

(4)  Reading  I  minus  V  equals  net  absorption,  namely,  14.65 
minus  13.60  equals  1.05  net  absorption. 

(5)  Reading  IV  minus  III  equals  volume  in  the  voids  of  treating 
cylinder.  Compute  to  cubic  feet  and  subtract  from  volume 
of  cylinder  (in  cubic  feet),  the  result  will  be  cubic  feet  of 
wood  in  charge  computed  by  displacement,  namely, 

13.55  minus  8.70  equals  4.85 

4.85  times  420  square  feet  (working-tank  area)  equals  2037 
cubic  feet,  volume  in  voids  of  treating  cylinder. 
3337  cubic  feet  (volume  of  treating  cylinder,  containing  cylin- 
der cars  and  appliances)  minus  2037  cubic  feet  equals  1300 
cubic  feet,  timber  in  charge  by  displacement. 
The  thanks  of  the  Conunittee  are  extended  to  those  who  have 
gladly  rendered  assistance  in  the  preparation  of  this  report. 

Methods  or  Rules  Used  in  Inspection. 

(See  Outline  of  Inspector's  Qualifications.) 

(di%)  Simple  test  for  determining  impurities  in  zinc 
chloride  solution. 

Iron, — Take  sample  of  solution  in  use,  place  in 
test  tube,  add  small  quantity  of  ammonia  and 
shake  well.  If  there  is  a  reddish  brown  floccu- 
lent  precipitate,  it  indicates  the  presence  of 
iron. 


tThis  outline  to  be  adjusted  to  meet  conditions  at  various  plants,  and  for  the 
different  processes. 

jtThe  Committee  realises  that  these  tests  would  be  but  superficial,  and  that  more 
complete  results  would  be  obtained  by  a  competent  chemist  in  a  well-equipped 
laboratory. 


Digitized  by  LjOOQ IC 


530  Seventeenth  Annual  Meeting 

Free  Acid, — Take  sample  d  2%  or  3%  solution, 
fill  test  tube  three-fourths  full,  fill  balance  of 
tube  with  one  one-thousandth  solution  methyl 
orange.  If  the  combination  shows  a  reddish 
6ast,  the  solution  contains  free  acid ;  if  it  shows 
a  yellow  cast,  it  proves  the  absence  of  free  acid. 

Sulphate. — Take  sample  of  2%  or  3%  solution, 
place  in  test  tube,  add  a  small  quantity  of  bar- 
ium chloride.  If  the  result  is  a  milky  white 
precipitate,  it  indicates  presence  of  sulphate,  or 
barium  sulphate. 

(b)  Sampling  salt  solutions  in  working  tank  and  during  treatment. 

Solution  should  be  thoroughly  agitated  with  air 
for  at  least  15  minutes  before  sample  is  taken  from 
working  tank,  and  should  be  taken  shortly  before 
introduction  to  treating  cylinder,  from  pet  cock  or 
valve  conveniently  located  in  side  of  tank,  or  by  means 
of  thief. 

Solution  of  oil  and  zinc  chloride  should  be  heated 
to  treating  temperature  before  obtaining  sample. 

Samples  taken  during  treatment  should  be  ob- 
tained from  pipe-line  during  filling  period,  or  from 
pump  during  pressure  period. 

(c)  The  effect  of  gravity  of  oil  on  penetration. 

This  would  be  determined  best  by  means  of 
sample  disc  or  core  obtained  from  material  treated 
by  oil  in  question.     (See  j.) 

(d)  Determination  of  seasoning  period  of  wood  by  moisture  con- 
tent test. 

Sample  should  be  taken  with  brace  and  bit,  or  increment 
borer,  at  center  of  ties  or  timber,  at  various  parts  of  the 
pile.  Borings  should  be  caught  in  a  wide  salt  mouUi 
bottle,  and  capped  at  once  after  boring  is  made. 

In  sampling,  40  grams  to  50  grams  should  be  taken, 
which  is  usually  obtained  after  making  five  borings  on 
different  sides  of  pile. 

In  taking  samples  from  red  oak  ties,  always  bore  in  4 
inches  or  one-half  diameter  of  tie.  If  diameter  is  10 
inches,  then  take  5-inch  sample. 

In  pine  and  gum,  make  borings  only  in  sapwood,  when 
heart  borings  begin  to  show  reject  same. 

Take  bottle  containing  borings  and  weigh  on  scale  or 
balance.  (Which  is  used  in  weighing  for  creosote  dis- 
tillations.) After  carefully  weighing,  the  borings  are 
run  in  a  tin  dish  sufficiently  wide  that  when  all  sample 
is  contained  therein  it  will  not  be  over  1  inch  in  depth. 
This  allows  the  heat  to  get  to  all  parts  of  the  sample 
readily  and  drying  it  uniformly. 
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Place  the  tin  container  with  borings  in  a  copper  oven  on 
shelf  near  the  top,  and  heat,  bringing  the  temperature 
up  to  102''  C.  to  108^  C.  as  soon  as  possible. 
After  reaching  100**  C,  heat  the  sample  4  hours,  never 
to  exceed  108**  C,  then  remove  and  place  the  dry  borings 
in  sample  bottle,  and  weigh. 

During  the  first  hour  or  so  in  heating,  it  is  a  good  plan 
to  open  door  of  oven  several  times  to  allow  the  moisture 
or  steam  to  escape,  allowing  door  to  remain  open  10  sec- 
onds or  so  is  usually  sufficient. 

After  reaching  105°  C,  open  door  once  more,  then  let 
remain  closed  until  operation  is  finished. 

Bottle  should  be  weighed  empty;  subtract  this  weight 
from  weight  of  bottle  and  wet  borings,  and  you  have 
weight  of  wet  borings. 

Subtract  weight  of  bottle  and  dry  borings  from  weight 
of  bottle  and  wet  borings.  This  equals  weight  of  mois- 
ture in  wood. 

Divide  weight  of  moisture  in  wood  by  weight  of  wet 
borings.  This  will  give  per  cent  of  moisture  in  ties  or 
material. 

(e)  Determining  seasoning  period  of  wood  by  constant  weight 
method. 

A  certain  amount  of  material  is  weighed  and  piled 
for  seasoning,  then  weighed  at  stated  periods  until  a 
constant  weight  is  reached,  or  as  near  that  condition  as 
practicable. 

This  method  would,  of  course,  only  be  used  to  get 
data  on  certain  material  in  various  localities  and  under 
different  climatic  conditions;  it  would  not  be  considered 
for  practical  use. 

(f)  Figuring  absorption  in  charges;  various  processes. 

Bethell 

Let 

A = Tank  grange  reading  before  introducing. 

B=Tank  gauge  reading  after  completing  forcing  back. 

C=Tank  feet  of  oil  injected  into  charge. 

D= Gallons  per  tank  foot. 

E= Gallons  of  oil  injected  into  charge. 

F= Gallons  of  oil  injected  into  charge  after  making 

corrections  for  temperature. 
G= Weight  per  gallon  of  oil. 
H= Pounds  of  oil  injected  into  charge. 
I  =  Cubic  feet  of  timber  in  charge,  calculated  or  esti- 
mated. 
J  =  Pounds  of  oil  per  cubic  foot  of  timber. 

A  —  B  =     C 

C    X  D  =     E 

P    X  G  ~     H 

H  ~   I  =.    J 
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Burnett, 
Let 

A = Tank  gauge  reading  before  introducing. 
B=Tank  gi^uge  reading  after  completing  forcing  back. 
C=Tank  feet  of  solution  injected  in  charge. 
D=Area  of  tank. 

E= Cubic  feet  of  solution  injected  into  charge. 
F= Average  weight  of  solution  per  cubic  foot. 
G= Pounds  of  solution  injected  into  charge. 
H= Strength  of  solution. 
I  =  Pounds  of  pure  zinc  injected  into  charge. 
J  =  Cubic  feet  of  timber  in  charge,  calculated  or  esti- 
mated. 
K= Absorption  per  cubic  foot  of  timber. 
L= Volumetric  absorption. 

A  —  B  =    -C 

C    X  D  =     E 

E    X  F  =     G 

G    X  H  =     I 

I   -h   J  =  K 

E  -r-    J   =  L 

Card. 
Let 

A = Tank  grauge  reading  before  introducing. 
B=Tank  gauge  reading  after  completing  forcing  back. 
C=:Tank  feet  of  emulsion  injected  into  charge. 
D=Area  of  tank. 

E=:  Cubic  feet  of  emulsion  injected  into  charge. 
F= Proportion  of  oil  in  emulsion. 
G= Weight  of  oil  per  cubic  foot. 
H= Pounds  of  oil  injected  into  charge. 
I  =  Proportion  of  zinc  chloride  solution  in  emulsion. 
J  =  Strength  of  zinc  chloride  solution. 
K= Pounds  of  pure  zinc  injected  into  charge. 
L=:  Cubic  feet  of  timber  in  charge,  calculated  or  esti- 
mated. 
M= Absorption  of  oil  per  cubic  foot  of  timber. 
N= Absorption  of  pure  zinc  per  cubic  foot  of  timber. 
0= Volumetric  absorption. 

A  —  B  =  C 

C   X   D  =  E 

E    X   F   X   G  =  H 

E   X   I    X    J  =  K 

L  H-  H  =  M 

L  ^  K  =  N 

E  H-  L  =  0 

Lowry, 

Let 

A = Tank  gauge  reading  before  introducing. 

B=Tank  gauge  reading  after  returning  oil  to  tank. 

C=Tank  feet  of  oil  injected  into  charge. 

D= Gallons  per  tank  foot. 

E= Gallons  of  oil  injected  into  charge. 
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F=:  Gallons  of  oil  injected  into  charge  after  making  cor- 
rections for  temperature. 

G=:  Weight  per  gallon  of  oil. 

H= Pounds  of  oil  injected  into  charge. 

I  =  Cubic  feet  of  timber  in  charge,  calculated  or  esti- 
mated. 

J  =  Pounds  of  oil  per  cubic  foot  of  timber. 

K= Gallons  of  oil  injected  per  cubic  foot. 

L= Cubic  feet  per  tie,  calculated  or  estimated. 

M= Gallons  of  oil  injected  per  tie. 


A  — 

B  =  C 

C   X 

D  =  E 

F   X 

G  =  H 

H  -T- 

I  =    J 

F  ^ 

I  =  K 

K  X 

L  =  M 

Ruepififf. 

Let 

A = Tank  gauge  reading  before  introducing. 

B=Tank  gauge  reading  after  completing  forcing  back. 

C=:Tank  feet  of  oil  injected  into  charge. 

D= Gallons  per  tank  foot. 

E=:  Gallons  of  oil  injected  into  charge. 

F= Gallons  of  oil  injected  into   charge  after  making 

corrections  for  temperature. 
G= Weight  per  gallon  of  oil. 
H= Pounds  of  oil  injected  into  charge. 
I  =  Cubic  feet  of  timber  in  charge,  calculated  or  esti- 
mated. 
J  =  Pounds  of  oil  per  cubic  foot  of  timber. 

A  —  B  =  C 

C   X  D  =  E 

F  X   G  =  H 

H  -r-    I   =    J 

(Method  given  for  figuring  Bethell  process  can  be  adjusted 
to  meet  requirements  of  other  processes  not  given.) 
(g)  Checking  measuring  devices  in  use  to  measure  absorption. 

(1)  Working  tank,  float-gauge  (reading  either  in 
fi^allons,  cubic  feet  or  tank  feet.)  Obtain  interior 
measurements  of  working  tank.  If  vertical  tank, 
figure  capacity  per  tank  foot.  Measure  ullage  with 
ganger's  bob  and  tape,  chalking  gauge-bob  so  mark 
between  water  and  oil  will  show.  Compute  innage, 
and  compare  with  reading  on  indicator  board. 
Check  this  at  three  different  levels.  See  if  gauge 
mechanism  is  functioning  properly,  that  is,  float, 
cable,  pulley  and  weight  with  indicator.  See  that 
float,  working  tank  and  grooves  on  indicator  board 
are  clean. 

(2)  Working  tank,  mercury-gauge  or  dial-gauge. — 
Obtain  interior  measurements  of  working  tank,  and 
figure  capacity  in  gallons,  per  tank  foot.    When 
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working  tank  is  not  in  use  measure  ullage,  and 
compute  innage.  Then  see  if  innage  corresponds 
with  gauge  readings.  Try  this  at  three  different 
levels,  and  obtain  check. 

(3)  Working-tank  scales. — 

Check  with  yard  platform  scales.  Weigh  charge 
before  and  after  treatment  with  platform  scales. 
The  difference  in  the  weight  should  correspond  with 
the  difference  in  weight  shown  on  working-tank 
scales  before  and  after  treating.  Occasionally 
check  platform  scales  with  test-weight  or  test- 
weight  car. 

(h)  Cubical  content  of  cylinder  with  empty  trams. 

I.  (1)  Figures  used  as  volume  of  working  tanks  should 
be  checked  for  their  accuracy;  also  gauges  used  to 
measure  quantities  used  from  working  tanks.     (See 

(2)  Cylinder  should  be  free  of  all  debris  or  at  least 
represent  an  average  condition  in  that  respect. 

(3)  Run  train  of  empty  trams  and  appliances  in 
cylinder,  close  door.  These  trams  should  be  repre- 
sentative of  trams  in  daily  use. 

Take  careful  reading  of  gauges  and  thermometers 
on  working  tank. 

(4)  Fill  cylinder  from  working  tank  with  oil,  zinc 
chloride  solution  or  solution  of  oil  and  zinc  chloride 
under  vacuum  (this  should  be  as  near  a  perfect  vac- 
uum as  possible) .  When  it  is  definitely  known  that 
cylinder  is  full  take  a  careful  measurement  of 
amount  used  to  fill  cylinder,  compute  to  cubic  feet; 
this  amount  ¥nll  represent  cubical  content  of  cylin- 
der with  empty  trams. 

Oil  or  solution  of  zinc  chloride  and  oil  should  be 
at  temperature  in  use  or  as  near  that  figure  as  pos- 
sible, and  corrections  made  to  standard  temperature 
where  necessary. 

Measurements  can  be  taken  by  direct  reading 
of  gauge  by  ullage  determination,  or  by  scale 
weight. 

II.  Calibration  of  inside  area  of  cylinder,  making  all 

allowances  for  rail,  rivets,  bolts,  heating  coils,  lap- 
ping of  sheets,  empty  trams  and  appliances,  etc. 
Allowances  should  also  be  made  for  volume  of  pipe- 
line back  to  shut-off  valve. 

(i)  Cubical  content  of  timber  per  cylinder  load  to  be  used  as 
constant  figure. 

I.  Cubical  content  by  displacement  should  be  obtained 
on  each  cylinder  load  of  material  treated  during  a 
period  of  at  least  2  weeks  (see  6,  treating  opera- 
tion), which  should  include  if  possible  a  complete 
cycle  in  weather  conditions^ 
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Inspector  should  keep  an  accurate  record  of 
each  operation  in  the  treating  process.  This  should 
not  be  considered  a  test  period,  but  rather  a  record 
of  actual  working  conditions,  and  when  figures  are 
completed  they  should  typify  an  average  cubical 
content  per  cylinder  load  applicable  under  all  condi- 
tions. 

If  it  is  not  customary  to  load  trams  to  full  ca- 
pacity they  should  not  be  loaded  otherwise  during 
this  period. 

If  as  a  general  rule  a  special  effort  is  not  made 
to  make  up  full  trains  for  treatment  it  should  not 
be  done  at  this  time. 

This  figure  to  be  used  in  treatment  of  hewn 
timber.  Sawn  timber  to  be  figured  according  to 
actual  dimensions.  The  so-called  ''Santa  Fe"  vol- 
ume table  to  be  used  for  piles  and  poles. 

II.  Actual  measurement  of  material  covering  period  of 
at  least  2  weeks,  which  should  include  a  complete 
cycle  if  possible  of  all  varying  conditions. 

(j)  Determining  average  depth  of  penetration. 

I.  (1)  Wait  until  charge  has  cooled. 

(2)  Select  samples  from  the  species  that  represent 
major  portion  of  the  charge. 

(3)  Select  average  samples  of  this  species  in  respect 
to  seasoning  (proportion  of  heart  and  sapwood) 
and  density  (number  of  annual  rings  per  inch) . 

(4)  Be  sure  that  the  increment  borer  or  the  saw 
is  clean. 

(5)  Obtain  disc  or  core  samples  from  representative 
species,  taking  sample  midway  between  the 
middle  and  the  end  of  the  piece  at  right  angles 
to  the  longitudinal  surface,  and  as  near  the  cen- 
ter of  the  width  and  thickness  as  possible. 
Bear  in  mind  when  making  penetration  test 
the  use  to  which  the  timber  is  to  be  put,  espe- 
cially contact  and  wearing  points.  Plug  all 
test  holes  with  treated  plugs. 

(6)  If  the  average  depth  of  penetration  of  the  sam- 
ple discs  or  cores  thus  procured  is  satisfactory 
it  is  assumed  that  material  has  received  satis- 
factory treatment. 

(7)  This  method  is  applicable  to  both  creosote  and 
zinc  chloride  treatment.  The  chemical  color 
reaction  tests  will  be  used  to  indicate  penetra- 
tion of  zinc  chloride. 

II.  Boiling  or  borings. 

Secure  sample  or  borings,  as  outlined  above 
(see  I),  place  small  quantity  in  beaker,  add  dis- 
tilled water,  place  over  flame,  and  boil  for  short 
time.  Filter  water  into  test  tube,  add  a  small 
amount  of  sodium  carbonate;  this  will  cause 
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precipitation  of  zinc  chloride  as  zinc  carbonate, 
or  in  other  words  the  appearance  of  milk 
curdle. 

This  test  of  coarse,  is  principally  to  indi- 
cate presence  of  zinc  chloride  in  sample. 

(k)  Method  of  taking  inventory. 

Amount  of  preservatives  on  hand  in  various  work- 
ing, storage,  transfer  tanks  and  sumps,  etc.,  should 
be  measured  by  gauger's  bob  and  steel-tape  or  rod, 
then  computed  into  pounds  or  gallons,  making  cor- 
rections for  temperature  and  allowances  for  water 
in  oil  where  necessary. 

Tank  cars  will  also  be  measured.  However,  as  a 
rule  they  are  not  considered  on  hand  unless  un- 
loaded. 

Measurements  may  also  be  taken  by  direct  reading 
of  gauges,  if  they  have  been  checked  for  their 
accuracy. 

If  weight  readings  are  taken  the  gravity  of  the 
preservative  must  be  recorded. 
Inventory  should  be  taken  at  least  once  a  month, 
and  checked  against  amounts  used  daily. 
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RECOMMENDATIONS  FOR  FUTURE  COMMITTEE  WORK. 

(1)  Take  up  treatment  practices  in  detail  with  respect  to  the 
several  processes;  various  species  of  wood,  and  different  classes 
of  material. 

(2)  When  and  where  to  take  temperatures  of  preservative 
in  use,  and  effect  of  temperature  on  treatment. 

(3)  Advisability  of  standard  forms. 

(4)  Study  plant  equipment  with  the  idea  of  making  helpful 
suggestions. 

J.  R.  Keig,  Chairman. 
J.  M.  Black 
J.  H.  Campbell 

E.  T.  Davies 

F.  N.  Graham 
T.  J.  McGiNTY 

C.   M.   TiLLEY 

J.  H.  Tracy 

The  President:  You  have  heard  the  excellent  report  of  this 
Committee.  Is  there  any  discussion?  If  not,  we  will  accept  the 
report  of  the  Committee  with  the  thanks  of  the  Association. 

We  will  now  call  for  the  Report  of  Audit  Committee,  Mr.  Hunt 
(Chairman). 

Mr.  Geo.  M.  Hunt:  Mr.  Chairman,  the  Committee  has  exam- 
ined the  books  of  the  Secretary-Treasurer,  and  found  them  correct. 

The  President:  With  this  report  in  hand  we  will  accept  the 
report  of  the  Secretary-Treasurer  which  was  presented  to  us  at 
our  opening  session. 
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We  will  call  for  the  Report  of  the  Resolutions  Committee,  Mr. 
Ford  (Chairman). 

Mr.  C.  F.  Ford:  The  Committee  on  Resolutions  desires  to 
submit  the  following : 

Resolution  No.  1. 

Whereas,  National  legislation  is  needed  to  adequately 
protect  the  remaining  timber  supplies  of  the  United 
States  and  to  insure  their  perpetuation,  to  provide  for 
cooperation  between  the  Federal  and  State  governments 
in  such  protection,  and  to  provide  for  the  acquisition  of 
forest  land  by  the  United  States. 

And  Whereas,  There  was  introduced  into  Congress  on 
December  20,  1920,  the  Snell  Bill,  which  has  for  its  object 
the  accomplishment  of  the  above  purposes. 

Be  It  Resolved,  By  the  American  Wood-Preservers' 
Association,  in  Annual  Meeting  assembled  at  San  Fran- 
cisco, January  25-27,  1921,  endorses  the  proposed  legisla- 
tion and  urges  its  members  to  help  bring  about  its  enact- 
ment into  law. 

Resolution  No.  2. 

Whereas,  The  excellent  research  work  in  wood  preserva- 
tion which  has  been  done  by  the  United  States  Forest 
Service,  in  its  Forest  Products  Laboratory,  at  Madison, 
Wisconsin,  has  contributed  much  to  the  development  of 
technique  in  our  industry,  and 

Whereas,  There  remain  problems  which  the  Laboratory 
can  cooperate  in  solving  to  the  benefit  of  all  our  citizens 
through  conserving  the  products  of  the  forests  by  pre- 
servative treatment,  and 

Whereas,  The  work  of  the  Laboratory  is  seriously  handi- 
capped by  lack  of  sufficient  funds  to  carry  on  investiga- 
tions and  experiments  in  wood  utilization. 

Be  It  Resolved,  By  the  American  Wood-Preservers' 
Association  in  Annual  Meeting  assembled  at  San  Fran- 
cisco, January  25-27,  1921,  that  this  Association  urge 
Congress  to  provide  moneys  sufficient  to  permit  the  work 
of  the  Forest  Products  Laboratory  to  proceed  as  planned 
by  its  worthy  officers. 

Mr.  C.  F.  Ford:  The  Committee  moves  the  adoption  of  these 
resolutions. 
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Mr.  F.  N.  Graham  :     I  second  the  motion. 

The  President:  All  in  favor  respond  by  saying  "aye;" 
contrary,  same  sig^n;  it  is  so  ordered. 

Gentlemen,  during  the  reading  of  the  next  3  Resolutions  you 
will  please  rise. 

(The  Members  then  arose  while  the  following  Resolutions  were 
read.) 

Resolution  No.  3. 

WhereaSf  Death  has  taken  from  our  numbers  our 
worthy  member,  Edmund  M.  Blake,  in  the  midst  of  his 
strenuous  labors  as  Chairman  of  the  Entertainment  Com- 
mittee for  this  meeting,  and  as  Fiscal  Agent  and  one  of 
the  leading  spirits  of  the  San  Francisco  Bay  Marine 
Piling  Committee  whose  report  was  one  of  the  features  of 
the  meeting,  and 

Whereas,  Mr.  Blake,  although  a  recent  member  of  this 
Association,  has  shown  such  a  striking  personality,  and 
has  devoted  himself  so  unsparingly,  and  with  such  ability 
and  energy  to  the  interests  of  this  Association,  and 

Whereas,  The  securing  oi  the  hearty  hospitality  ex- 
tended to  this  Association  by  the  people  of  San  Francisco 
and  the  Pacific  Coast,  and  the  unanimous  good-will  and 
effective  work  of  the  San  Francisco  Bay  Marine  Piling 
Committee  were  especially  on  the  heart  of  Mr.  Blake, 

Therefore  Be  It  Resolved,  That  the  American  Wood- 
Preservers'  Association  record  its  keen  sense  of  loss  in  the 
death  of  Mr.  Blake,  and  tender  to  the  relatives  and  busi- 
ness associates  of  the  deceased  its  heartfelt  sympathy  in 
their  bereavement,  and 

Be  It  Resolved  Further,  That  the  Secretary  forward  a 
copy  of  these  Resolutions  to  the  family  and  business 
associates  of  Mr.  Blake. 

Resolution  No.  4. 

Whereas,  Death  has  removed  from  our  midst,  our 
worthy  member,  Charles  C.  Higgins, 

Be  It  Resolved,  That  the  American  Wood -Preservers' 
Association  tender  the  relatives  of  the  deceased  heartfelt 
sympathy  in  their  bereavement,  and 

Be  It  Resolved  Further,  That  the  Secretary  forward  a 
copy  of  these  condolences  to  the  family  of  Mr.  Higgins. 
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Resolution  No.  5. 

Whereas,  Death  has  removed  from  our  midst,  our 
worthy  member,  Russell  A.  Griffin, 

Be  It  Resolved,  By  the  American  Wood-Preservers' 
Association  tender  the  relatives  of  the  deceased  heartfelt 
sympathy  in  their  bereavement,  and 

Be  It  Resolved  Further,  That  the  Secretary  forward  a 
copy  of  these  condolences  to  the  family  of  Mr.  Griffin. 

The  Committee  moves  the  adoption  of  these  Resolutions. 

Mr.  J.  H.  Waterman:     Second  the  motion. 

The  President:    It  is  so  ordered. 

The  Secretary  has  been  instructed  to  formally  acknowledge  the 
appreciation  of  t^e  American  Wood-Preservers'  Association  to 
those  associations  along  the  way  which  contributed  so  largely  to 
making  our  trip  to  San  Francisco  a  pleasant  one. 

We  will  now  have  the  report  of  the  Election  Tellers,  Mr. 
Wyman  (Chairman). 

Mr.  R.  L.  Wyman:  Members  of  the  American  Wood-Preserv- 
ers' Association,  there  was  cast  a  total  of  209  ballots  in  the  recent 
election.  A  careful  check  of  these  ballots  by  the  Tellers  shows 
that  the  following  members  were  elected  as  officers: 

For  President,  Mr.  C.  M.  Taylor.     [ApplatLse.] 

For  First  Vice-President,  Mr.  F.  J.  Angier.     [ApplatLse] 

For  Second  Vice-President,  Mr.  H.  S.  Valentine.     {Applattse,] 

For  Secretary  and  Treasurer,  Mr.  G.  M.  Hunt.     [Applause.] 

For  the  Executive  Committee,  Mr.  H.  S.  Sackett  and  Mr.  R.  J. 
Calder.     [Applause.] 

For  the  Nominating  Committee,  Mr.  G.  A.  Colman,  Mr.  J.  H. 
Durham,  Mr.  L.  T.  Ericson,  Mr.  P.  Harris,  Mr.  R.  H.  Rawson  and 
Mr.  E.  Stimson,  total  six.     [Applause.] 

The  President:  Gentlemen,  it  now  becomes  my  very  pleasant 
duty  to  ask  Mr.  Grow  to  escort  Mr.  Taylor  to  the  Chair,  and 
while  he  is  doing  it  I  want  to  say  that  no  President  of  the 
American  Wood-Preservers'  Association  has  ever  had  more  splen- 
did cooperation  than  I  have  had  during  the  past  year,  and  I  am 
indebted  to  all  of  you,  and  particularly  to  Mr.  Taylor.  [Applause.] 

Mr.  €.  M.  Taylor:  Ladies  and  Gentlemen,  I  assure  you  it  is  a 
pleasure  to  accept  the  honor  from  the  hands  of  Mr.  Joyce  and  you 
members.  I  trust  the  Association  will  prosper  this  year  as  it  has 
in  the  last,  and  I  want  to  impress  upon  you  the  fact  that  this  is  not 
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a  one-man  association.  While  I  may  be  President,  you  are  the 
members  of  the  Association,  and  it  is  only  t^e  cooperation  of  each 
one  of  you,  whether  you  are  a  young  member  or  an  old  member, 
that  will  make  this  Association  prosper  and  be  what  it  should  be 
in  this  country. 

The  fact  that  we  have  met  in  San  Francisco  shows  that  we 
should  cover  this  whole  country,  and  it  certainly  has  been  fine  to 
meet  and  enjoy  the  members  from  the  Pacific  Coast  in  a  way  that 
we  have  never  had  the  opportunity  before,  and  I  trust  that  each 
one  of  you  will  thank  the  Entertainment  Committee  and  the  mem- 
bers of  San  Francisco  and  the  Pacific  Coast  for  the  wonderful 
entertainment  that  we  have  enjoyed  at  their  hands.  And  I  trust 
that  the  impression  made  by  our  members  among  the  Pacific  Coast 
people  will  be  such  t|iat  we  will  have  many  of  them  at  our  conven- 
•  tion  next  year  and  the  years  to  come.     [Applause,] 

As  is  always  the  case  Mr.  Angier  is  on  the  job;  it  is  not  necessary 
to  have  anybody  escort  him,  Mr.  Angier.     {Applattse,] 

Mb.  F.  J.  Angier:  Mr.  President  and  Gentlemen,  I  believe 
there  is  an  unwritten  law  that  the  Vice-President  is  not  required 
to  make  a  speech.  I  want  to  say  only  a  few  words,  however.  I 
am  a  Charter  Member  of  this  Association,  and  have  been  Secretary 
for  11  years.  During  that  time  I  have,  as  you  all  know,  had  a  lot 
of  work  to  perform,  but  I  have  enjoyed  the  work.  In  leaving  the 
ofiice  of  Secretary-Treasurer  to  accept  that  of  the  First  Vice- 
President,  I  am  not  unmindful  of  the  honor  that  you  have  con- 
ferred upon  me,  and  I  want  to  say  to  you  that  I  will  accept  that 
honor  and  will  do  all  I  can  for  the  upbuilding  of  the  Association. 

To  my  successor,  Mr.  Hunt,  I  wish  him  everything  that  is  good, 
and  I  will  promise  to  help  him  in  every  way  that  I  can. 

To  the  members  of  the  Association  who  have  ¥nritten  to  me  so 
many  times  for  information,  I  hope  they  will  not  forget  me  and 
will  continue  to  write,  and  so  long  as  I  can,  I  will  be  very  glad 
indeed  to  answer  any  letters  and  help  you  in  every  way  possible. 
I  thank  you.     [Appiause.] 

Mr.  C.  M.  Taylor:  It  is  too  bad  Mr.  Valentine  could  not  be 
here  to  make  a  speech  of  acceptance,  but  I  know  that  he  will  work 
hard  and  consistently  as  he  has  always  done.  If  I  remember 
rightly,  Mr.  Valentine  is  the  first  officer  of  the  second  generation 
in  wood  preservation.  Some  of  you  do  not  know  that  Mr.  Valen- 
tine's father  was  one  of  the  early  pioneers  in  wood  preservation. 
It  was  due  to  his  father's  good  work  that  we  are  so  firmly  estab- 
lished on  the  Atlantic  Coast,  and  it  seems  fitting  that  his  son 
should  now  become  an  officer  of  the  Association. 
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Mr.  Cooper,  would  you  be  kind  enough  to  escort  Mr.  Hunt  to 
the  front?     lAppUvuseJ] 

Mr.  Geo.  M.  Hunt:  Mr.  President  and  Members  of  the  Asso- 
ciation, I  appreciate  that  it  is  an  honor  to  be  Secretary  of  this 
Association  especially  after  the  office  has  been  given  the  prestige 
which  the  retiring  Secretary  has  griven  it.  I  am  fully  aware,  how- 
ever, that  the  office  of  Secretary  is  no  joke  and  that  my  principal 
job  for  the  coming  year  will  be  to  "saw  wood  and  say  nothing," 
and  that  is  what  I  expect  to  begin  to  do  right  now.     lApplauae.] 

Mr.  J.  H.  Waterman:  Mr.  Chairman,  if  you  will  allow  me  to 
say  a  word,  I  would  like  to  say  somthing  for  our  friend,  Angier. 
Gentlemen,  he  has  served  this  Association  as  he  has  told  you,  but  I 
want  to  tell  you  he  has  been  faithful;  there  is  not  a  man  in  this 
Association  that  he  does  not  know  by  name,  and  I  think  it  is  due 
him  at  this  time  that  we  should  give  him  a  rising  vote  of  thanks 
for  the  services  he  has  rendered  the  Association.  lApplause  and 
all  the  members  rise,"] 

Mr.  F.  J.  Angier:  Gentlemen,  I  thank  you  for  that.  It  has 
repaid  me  for  all  that  I  have  done.     [Applause,] 

Mr.  C.  M.  Taylor:  The  next  order  of  business  is  the  selection 
of  the  1922  meeting  place.  We  all  realize  we  would  like  to  come 
back  to  San  Francisco  next  year,  but  we  have  no  invitation  as  yet. 

(The  Secretary  read  the  invitations  that  were  received.) 

Mr.  Geo.  M.  Hunt:     That  covers  all  the  written  invitations. 

Mr.  C.  M.  Taylor:     What  is  your  pleasure? 

Mr.  J.  H.  Waterman  :  At  the  last  convention  I  had  the  pleasure 
of  moving  that  we  go  to  San  Francisco.  However,  Chicago  is  the 
natural  place  for  a  convention  of  this  kind.  Let  me  give  you  one 
or  two  reasons.  There  is  a  man  sitting  in  front  of  me  who  repre- 
sents one  of  the  commercial  industries  of  this  country,  and  has 
long  been  a  member  of  this  Association.  He  is  the  only  one  attend- 
ing the  convention  at  San  Francisco.  He  told  me  a  minute  ago 
that  if  the  convention  was  in  Chicago  they  would  have  at  least  7 
men,  if  not  9  men,  in  attendance.  The  men  can  come  from  New 
York  and  as  far  west  as  the  Rocky  Mountains ;  they  can  come  from 
the  south  in  a  little  over  a  night,  and  I  feel  the  majority  of  your 
men  will  agree  with  me  that  it  is  the  easiest  place  that  we  can 
reach  with  the  least  travel, — ^that  we  can  have  the  largest  num- 
ber of  men.  It  is  fine  to  go  to  California.  There  is  no  place  like 
California  on  the  map.  California  is  the  only  California  in  the 
United  States,  but  Chicago  is  the  place  for  the  next  convention  if 
we  want  to  reach  the  young  men.  Everybody  can  not  afford  to 
come  here,  but  most  anyone  can  afford  to  go  to  Chicago.    There- 
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fore,  I  move  you  that  our  next  convention  be  held  in  the  city  of 
Chicago. 

Mr.  Walter  Buehler:     I  second  the  motion. 

Mr.  C.  M.  Taylor:  All  in  favor  say  ''aye;"  opposed,  like  sign. 
We  will  meet  in  Chicago  in  1922. 

Has  any  member  at  this  time  any  suggestion  to  make  for  the 
welfare  of  the  Association? 

Let  me  again  impress  on  you  the  fact  that  it  is  your  Association 
to  do  with  as  you  see  fit  in  order  to  promote  wood  preservation  to 
the  fullest  extent.  We  want  the  cooperation  of  everyone.  The 
officers  this  year  will  be  present  to  accept  the  advice,  as  is  the  case 
of  all  presidential  nominees  this  year,—- of  all  level-headed  minds. 
We  want  suggestions  that  will  improve  the  Association,  and  I 
trust  that  you  will  work  to  the  betterment  of  our  industry. 

Mr.  Angier  spoke  in  his  Secretary's  report  at  the  opening  meet- 
ing of  the  fact  that  if  each  member  would  get  one  new  member 
we  would  have  a  total  enrollment  of  600.  I  trust  that  you  will  live 
up  to  his  suggestion.  The  Pacific  Coast  has  been  wonderfully  alive 
to  this  problem  this  year,  and  has  gotten  a  large  number  of  mem- 
bers. We  have  pretty  well  canvassed  the  Chicago  territory,  but 
it  is  interesting  to  note  that  there  are  a  number  of  men  in  the 
industry  in  and  around  Chicago  that  are  not  members  as  yet. 
Please  see  to  it  that  they  become  members  this  coming  year. 

Are  there  any  ot^er  suggestions? 

We  adjourn  in  this  room  at  this  time  to  enable  the  National 
Association  of  Railway  Tie  Producers  to  meet  at  1:30.  They  have 
asked  that  I  on  behalf  of  their  Secretary  extend  the  privilege  of 
their  floor  to  the  members  of  the  American  Wood-Preservers* 
Association,  and  I  trust  that  you  will  take  advantage  of  their 
invitation.  Several  of  them  have  been  with  us  through  all  of  our 
sessions,  and  I  feel  that  the  cooperation  that  we  have  had  is  in 
the  right  direction.    They  need  our  support,  and  we  need  theirs. 

Mr.  J.  H.  Johnson:  I  wish  to  say  on  behalf  of  a  number  of 
members  of  the  National  Association  of  Railroad  Tie  Producers 
that  we  have  appreciated  the  courtesy  of  the  members  of  your 
Association  on  this  trip.  We  have  been  in  the  minority  as  to 
numbers,  but  we  have  had  a  very  delightful  time.  You  have  taken 
us  right  in  with  you,  which  we  have  appreciated  very  much,  and 
we  certainly  would  be  'very  glad  to  have  you  attend  the  opening 
meeting  of  our  Association  this  afternoon;  also  our  sessions  to- 
morrow if  you  can  possibly  arrange  to  do  so.    iApplatise.] 

Mr.  C.  M.  Taylor:  Are  there  any  other  suggestions?  If  not, 
we  will  stand  adjourned  until  1922. 
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quantity  of  wood  treated  and  preservatives 
used  in  the  united  states  in  1920. 

By  R.  K.  Helphenstine,  Jr.,  United  States  Forest  Service 

The  American  Wood-Preservers*  Association 

In  Cooperation  with  the  United  States  Department  of  Agriculture, 

Forest  Service,  William  B.  Qreeley,  Forester;  Office  of 

Forest  Products,  H.  S.  Betts,  Engineer  in 

Forest  Products,  in  Charge. 

Summary. 

A  total  of  173,309,505  cubic  feet  of  wood  was  subjected  to  pre- 
servative treatment  in  the  United  States  in  1920  by  the  112  treat- 
ing plants  that  were  active.  The  quantity  treated  represents  an 
increase  of  27,248,511  cubic  feet,  or  18%  over  the  quantity  that  was 
reported  by  the  108  plants  that  were  engaged  in  the  industry  in 
1919. 

Quite  an  increase  was  registered  in  the  number  of  cross-ties 
treated.  In  1920  the  total  number  reported  was  44,987,532,  as  com- 
pared to  37,567,927  the  year  previous.  During  the  year  covered 
by  this  report  11,965,912  linear  feet  of  piles  were  given  preserva- 
tive treatment,  or  less  by  1,591,607  linear  feet  than  were  reported 
in  1919.  The  number  of  poles  treated  in  1920  was  585',781,  which 
represents  an  increase  of  207,300  poles  over  the  number  treated 
in  1919.  A  total  of  2,568,156  square  yards  of  wood  blocks  were 
run  through  the  cylinders  in  1920,  representing  an  increase  of 
772,469  square  yards  over  the  quantity  reported  by  the  treating 
plants  in  1919.  A  decrease  was  registered  in  the  quantity  of  con- 
struction timbers  treated,  the  1920  figure  being  139,749,738  board 
feet  as  compared  with  144,742,477  board  feet  the  year  previous. 
The  number  of  cross-arms  reported  by  the  plants  as  having  been 
treated  in  1920  was  over  4  times  as  many  as  were  treated  in  1919, 
and  the  quantity  of  lumber  and  miscellaneous  material  impregnated 
with  preservatives  also  showed  a  substantial  increase. 

In  1920  there  were  consumed  by  the  treating  plants  of  this 
country  68,757,508*  gallons  of  creosote,  1^48,911  gals,  of  paving 
oil  and  1,772,084  gals,  of  miscellaneous  preservatives.  In  addition 
49,717,929  pounds  of  zinc  chloride  were  used.  The  quantity  of 
zinc  chloride  employed  by  the  treating  plants  during  the  year  rep- 
resents the  largest  amount  of  this  preservative  ever  before  reported 
by  the  industry,  and  constitutes  an  increase  of  6,234,795  lbs.  over 
the  1919  consumption. 


*  Includes    imported   oil,    distillate   coal-tar   creosote,    coal-tar   creosote   solution, 
refined  water-sas  tar,  and  water-gas  tar  solution. 
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The  quantity  of  creosote  used  in  1920  represents  an  increase  of 
3,201^61  gals,  over  the  quantity  used  in  1919,  while  the  paving  oil 
consumption  was  less  than  for  the  year  before  by  563,681  gallons. 
The  quantity  of  miscellaneous  preservatives  used  during  the  year 
was  over  15  times  as  much  as  was  consumed  in  1919. 

Source  of  Statistics. 

In  1920  there  were  112  treating  plants  in  active  operation  in  the 
United  States,  or  4  more  than  reported  the  year  before.  From  all 
but  2  of  these  the  Forest  Service  obtained  complete  signed  state- 
ments showing  the  extent  of  their  operations  during  the  period 
covered  by  this  report.  Two  plants  failed  to  supply  the  data 
wanted,  and  in  order  to  make  the  statistics  as  nearly  complete  as 
possible  estimates  for  these  plants  were  prepared.  Table  1  shows 
by  classes  and  types  the  number  of  plants  which  were  active,  idle 
or  abandoned  in  1920.  The  table  also  shows  the  number  of  new 
plants  that  were  built  during  the  year. 

Table  1. — TIieating  Plants  in  the  United  States  by  Classes 
AND  Types.    1920. 


SUtufl 


Commerdml 
Plants 


II 


Railroad 
Plants 


Private 
Plants 


Total 


Active  (old)... 
Active  (new) . . 
New  (inactive). 

Idle 

Abandoned.... 


69 
1 
2 
8 
1 


26 
0 
0 

1 
0 


110 
2 
2 
8 
2 


Total. 


66 


27 


11 


124 


The  majority  of  the  treating  plants  in  this  country,  as  shown  in 
Table  1,  are  of  the  pressure-cylinder  type.  Although  the  data  pre- 
sented in  this  report  is  based  largely  upon  the  figrures  furnished  by 
such  plants,  it  also  includes  those  secured  from  non-pressure  plants. 
The  activities  of  only  those  plants  which  maintain  regular  treat- 
ing plant  equipment  is,  however,  covered  by  thi«  report.  No  at- 
tempt has  been  made  to  include  brush  treated  material  or  that 
treated  with  temporary  equipment  in  small  amounts  for  special 
purposes.  A  considerable  amount  of  material  is  no  doubt  treated  in 
this  way,  but  because  consumers  of  this  character  are  so  numerous 
it  would  be  a  difficult  matter  to  collect  statistics  concerning  them. 
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The  value  of  these  statistics  is  now  well  recognized,  not  only  by 
the  wood-preserving  industry,  but  also  by  the  principal  classes  of 
users  of  treated  wood,  including  railroads,  steamship  companies, 
light  and  power  plants  and  municipalities. 

Progress  of  the  Industry. 

In  1909  there  were  in  the  United  States  a  total  of  64  active 
treating  plants.  In  1920  there  were  112  plants  in  operation,  or 
nearly  double  the  number  that  were  in  existence  12  years  ago. 

PROGRESS  or  WOOD  PRESERVATION  I N  THE  UNITED  STATES 
CONSUMPTION  OF  CWEOSOTC  AND  2INC  CHLORIDE  FROM  1903  TO  1920 


*S03  /SO*    I90S    i9M    t907    1909    I903  I9l0    i9ti     $912    1913   t9t*     $9lS    tSt*    /9/7    t9t9  f9/9  /J» 
Afote.   r,gur»M  for  Cr-0oao*0  not  mr»//s»fc  for  yamra  l30Bmndt907 
nor  for  Zinc  Chloride  prior  to  t309 

orricc  or  forest  products 

U.S.FOREST  SERVICE 

Each  year  1  or  2  plants  go  out  of  existence  and  several  new  ones 
start  operation.  In  1920  there  were  2  plants  that  were  abandoned 
while  4  new  ones  either  started  operations  or  were  constructed  dur- 
ing the  year,  representing  a  net  gain  over  the  year  before  of  2 
plants.  This  is  an  evidence  of  the  gradual  growth  of  the  industry 
in  this  country.  Another  indication  of  growth  is  the  added  con- 
sumption of  preservatives  from  year  to  year  by  the  treating  plants, 
and  the  more  general  use  of  treated  wood  by  farmers,  home-builders 
and  others  representing  the  general  public.    Furthermore  in  JL920 
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there  were  173,309,505  cubic  feet  of  wood  treated  by  the  plants  of 
the  United  States.  This  exceeded  the  quantity  reported  in  1919  by 
27,248,511  cu.  ft.,  and  constitutes  the  largest  quantity  ever  before 
reported  by  the  industry. 

Consumption  of  Preservatives. 

In  Table  2  are  shown  comparatively  for  the  years  1909  to  1920 
inclusive,  the  number  of  treating  plants  in  active  operation  and 
the  amount  of  the  various  classes  of  preservatives  which  they  used. 
In  1920,  as  was  the  case  in  1919,  the  material  reported  as  creosote 
was  separated  into  4  classes,  namely,  distillate  coal-tar  creosote, 
creosote  coal-tar  solution,  refined  water-gas  tar,  and  water-gas  tar 
solution,  the  total  consumption  of  the  4  combined  being  68,757,508* 
gals.,  or  3,201,261  gals,  more  than  was  reported  in  1919. 

The  quantity  of  paving  oil  used  in  1920  was  less  than  the  amount 
consumed  the  year  previous  by  563,681  gals.,  while  the  amount  of 
miscellaneous  preservatives  reported  by  the  industry  during  the 
year  exceeded  the  1919  consumption  by  1,670,073  gallons.  This 
extensive  increase  in  this  class  of  preservative  was  due  to  the  fact 
that  there  were  used  during  the  year  over  800,000  gals,  of  crude 
oil  for  diluting  creosote. 

In  1920  the  treating  plants  used  49,717,929  lbs.  of  zinc  chloride, 
the  largest  quantity  ever  before  reported  by  the  industry.  This 
amount  exceeded  the  1919  consumption  by  6,234,795  pounds.  Of 
the  total  quantity  used  by  the  plants  during  the  year,  28,364,113 
lbs.  were  reported  as  fused  and  42,707,632  lbs.  in  the  form  of  50% 
solution. 

Although  the  supply  of  preservatives  of  various  kinds  used  by 
the  treating  plants  in  1920  was  apparently  more  or  less  plentiful 
the  prices  of  some  of  them  still  remained  high,  in  comparison 
with  the  prices  that  were  current  prior  to  the  war.  The  range  of 
prices  current  during  the  year  for  the  different  classes  of  pre- 
servatives used  are  shown  in  Table  3. 

With  the  return  of  oceai^  transportation  to  a  point  more  nearly 
approaching  normal,  an  increase  in  the  importation  of  foreign  oil 
was  to  be  expected.  Table  4  shows  the  actual  amount  of  creosote 
oil  that  was  imported  into  this  country  each  month  of  1919  and 
1920.  It  will  be  noted  that  the  1920  importation  totaled  18,427,152 
gals.,  or  7,158,773  gals,  more  than  was  obtained  abroad  during 
the  previous  year.  The  quantity  of  foreign  oil  reported  as  having 
been  used  by  the  treating  plants  during  the  year  covered  by  this 
report  was  9,575,680  gals.,  or  8,851,472  gals,  less  than  was  actually 

^Includes  imported  oil.  distflUte  coal-tar  creosote,  coal-tar  creosote  solution, 
refined  water-gas  tar  and  water-gas  tar  solution. 
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imported.  The  difference  is  accounted  for  by  the  fact  that  no 
doubt  some  imported  oil  bought  in  1920  was  still  on  hand  at  the 
close  of  the  year.  The  balance  probably  was  purchased  in  small 
quantities  for  the  brush  treatment  of  wood  or  was  used  by  paint 
manufacturers  for  creosote  shingle  stains  or  in  the  preparation  of 
proprietary  preservatives. 

Table  4.— Monthly  Imports  of  Foreign  Creosote,  1919-1920.* 


Month 

1919 

1920 

January , . . . x 

Gallons 

142.789 

262.166 

217.668 

6.200.281 

2.226.024 

180.069 

218.121 

214.961 

118.981 

188.898 

182.966 

2.290.617 

Gallons 
8.002.222 

February 

46.296 

March 

286.942 

April 

972.664 

k^. ::.:::::::::::::::::::::: 

42.222 

June 

989.878 

July 

988.178 

August 

8.629.697 

September 

1.044.262 

October 

6.226.884 

November 

2.847.681 

December 

61.292 

Total 

11.268.879 

18.427.162 

*Pigurea  of  Bureau  of  Foreign  and  Domestic  Commerce. 

Table  5  shows  comparatively  the  quantities  of  foreign  and  do- 
mestic creosote  used  in  each  year  from  1909  to  1920,  inclusive. 

Table  5. — Relative  Quantity  of  Domestic  and  Imported  Creosote 
Used  by  the  Treating  Plants  op  the  United  States,  1909  to 
1920. 


Year 

Domestic 

Imported 

Total 

Used 

Gallons 

Per  Cent. 

Gallons 

Per  Cent. 

Gallons 

1909 

18.862.171 

27 

87.669.041 

78 

61,426.212 

1910 

18.184.866 

29 

46.081.916 

71 

68.266.271 

1911 

21.610.629 

29 

61.616.706 

71 

78.027.886 

1912 

81.186.196 

87 

62.681.296 

68 

88.666.490 

1918 

41.700.167 

88 

66.678.192 

62 

108.878.869 

1914 

28.026.870 

86 

61.807.786 

66 

79.834.606 

1916 

43.868.486(a) 

64 

87.601.007 

46 

80.869.442 

1916 

46.764.818(b) 

62 

48.649.981 

48 

90.404.749 

1917 

67.282.696(c) 

76 

18.269.141 

24 

76,641.787 

1918 

60.610.660(d) 

96 

2.166.786 

4 

62.776.886 

1919 

69.062.273(e) 

90 

6.498.974 

10 

66.666.247 

1920 

69.181.828(f) 

86 

9.676.680 

14 

68.767.608 

(a)  41,838,890  gallons  coal-tar  creosote  and  2,024,646  gallons  water-gas  tar. 

(b)  46,818,736  gallons  coal-tar  creosote  and  1,486,088  gallons  water-gas  tar. 

(c)  64,806,204  gallons  coal-tar  creosote  and  2,977,892  gallons  water-gas  tar. 

(d)  47,787,998  gallons  coal-tar  creosote  and  2,822,662  gallons  water-gas  tar. 

(e)  24,286,861  gallons  distillate  coal-tar  creosote;  81,292,661  gallons  creosote  coal- 
tar  solution;  1,148,084  gallons  refined  water-gas  tar,  and  2,834,727  gallons  water-gas  tar 
solution. 

(f )  26,488,230  gallons  distillate  coal-tar  creosote;  27,921,614  gallons  creosote  coal- 
tar  solution;  1,877,702  gallons  refined  water-gas  tar,  and  4,399,282  gallons  water-gas  tar 
solution. 
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Of  the  9,575,680  gals,  of  foreign  oil  reported  as  having  been  used 
by  the  plants  in  1920,  233,196  gals,  came  from  Canada,  687,203 
gals,  were  obtained  from  Germany,  and  8,655,281  gals,  were  shipped 
in  from  England. 

Regional  Division  of  the  Wood-Preserving  Industry. 

As  has  been  the  case  in  past  years  in  the  compilation  of  sta- 
tistics on  wood  preservation  in  the  United  States,  the  entire  country 
has  been  separated  into  5  regions.  These  regions,  which  are  shown 
on  the  accompanying  map,  were  originally  selected  for  the  reason 
that  the  areas  embraced  in  them  more  nearly  conform  to  the  Forest 
Service  subdivision  into  which  the  country's  original  forests  have 
been  divided.  Table  6  gives  the  figures  for  these  regions  and  shows 
comparatively  for  1919  and  1920  both  the  quantity  of  preservatives 
consumed  and  the  amount  of  material  treated  by  the  plants  em- 
braced in  each  region. 

Preservatives  Consumed  and  Material  Treated. 

Atlantic  Coast  Region. 

In  this  region  22  plants  were  active  in  1920,  as  compared  with 
20  in  1919.  They  consumed  18,109,246  gals,  of  creosote,  or  the 
second  largest  quantity  reported  by  any  of  the  regions.  Of  the 
quantity  used,  17,269,246  gals,  were  of  domestic  production  and 
840,000  gals,  were  imported.  These  plants  also  consumed  1,804,339 
lbs.  of  zinc  chloride  and  160,250  gals,  of  miscellaneous  preservatives. 

The  plants  of  this  region  reported  the  treatment  of  5,675,741 
cross-ties,  of  which  4,036,877  were  hewed  and  1,638,864  sawed. 

The  region  reported  the  treatment  of  2,589,375  linear  feet  of 
piles,  or  less  by  614,691  lin.  ft.  than  were  treated  by  the  same 
plants  in  1919.  These  plants  also  subjected  to  treatment  18,472 
poles,  representing  more  than  twice  the  number  reported  the  year 
previous. 

A  slight  increase  was  registered  in  the  quantity  of  wood-blocks 
treated.  In  1920  the  number  of  square  yards  reported  was  184,176 
as  compared  with  124,501  in  1919. 

The  region  ranked  second  in  the  treatment  of  construction  tim- 
bers, the  quantity  reported  being  22,730,703  board  feet. 

Over  4  times  as  many  cross-arms  were  treated  by  the  plants  of 
the  Atlantic  Coast  Region  in  1920  as  were  subjected  to  treatment 
the  year  before,  while  the  quantity  of  miscellaneous  lumber  re- 
ported for  the  year  was  2,676,663  board  feet,  or  over  twice  as  much 
as  were  treated  in  1919. 
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Southern  Coast  Region. 

In  point  of  quantity  of  creosote  used  the  plants  of  this  region 
have  always  occupied  first  place.  The  31  plants  which  were  active 
in  the  region  led  again  in  this  respect  in  1920  with  a  consumption 
of  29,746^44  gals.,  of  which  24,476,974  gals,  were  of  domestic 
manufacture,  and  5,269,270  gals,  were  imported.  The  quantity  of 
imported  oil  used  represents  the  largest  amount  reported  by  any 
of  the  regions.  These  plants  also  consumed  the  second  largest 
quantity  of  zinc  chloride,  amounting  to  18,957,246  pounds.  They 
also  used  464,703  gals,  of  miscellaneous  preservatives. 

PCLAT/ye  RAMH  OF  TH£  S£VCN  CLASSES  OT MAT£RiAL  TRCATCD  f909•i9^0 
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The  plants  of  the  Southern  Coast  Region  treated  15,992,793 
cross-ties,  the  second  largest  number  reported  by  any  of  the  5 
regions.  Of  the  number  treated,  13,793,332  were  hewed  ties,  and 
2,199,461  sawed  ties. 

This  region  led  in  the  treatment  of  piles,  the  quantity  reported 
being  6,259,484  lin.  ft,  and  although  only  140,018  poles  were  sub- 
jected to  treatment  by  the  plants  of  the  region  during  1920,  this 
number  was  over  twice  the  quantity  reported  in  1919. 

This  region  also  ranked  first  in  the  treatment  of  construction 
timbers  and  cross-arms.  Of  the  former  there  were  79,513,756  board 
feet,  and  of  the  latter  382,699  pieces.  The  region  ranked  second  in 
the  treatment  of  wood-blocks,  the  quantity  reported  being  629,982 
square  yards. 

In  addition  to  the  material  mentioned  above,  the  plants  of  this 
region  treated  4,905,704  board  feet  of  miscellaneous  lumber. 
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Interior  Eastern  Region. 

Thirty-one  plants,  the  same  number  that  reported  in  1919,  were 
active  in  this  region  in  1920.  They  consumed  14,193,356  gals,  of 
creosote.  Of  this  quantity,  173,439  gals,  consisted  of  imported  oil 
and  the  balance  was  of  domestic  manufacture.  These  plants  con- 
sumed 20,313,143  lbs.  of  zinc  chloride,  again  taking  first  place  in 
the  consumption  of  this  preservative.  They  also  used  1,550,000 
gals,  of  paving  oil,  the  largest  quantity  reported,  and  in  addition 
497,575  gals,  of  miscellaneous  preservatives. 

This  region  led  all  others  in  the  treatment  of  cross-ties,  the 
number  that  were  run  through  the  cylinders  being  17,215,282.  Of 
the  total  number  treated,  13,373,127  were  hewed  and  3,842,155 
sawed  ties. 

In  1920  the  plants  of  the  Interior  Eastern  Region  treated 
298,556  lin.  ft.  of  piles  and  262,297  poles.  The  quantities  of  these 
two  classes  of  material  that  were  treated  during  the  year  repre- 
sent slight  increases  over  the  amounts  reported  in  1919. 

This  region  treated  1,725,842  square  yards  of '  wood-blocks, 
thereby  taking  the  lead  over  all  other  regrions  in  the  treatment  of 
this  class  of  material.  It  also  took  first  place  in  the  treatment 
of  miscellaneous  lumber,  the  quantity  reported  being  4,957,914 
board  feet. 

In  addition  to  the  material  already  mentioned,  the  plants  of  the 
region  treated  22,176,786  board  feet  of  construction  timbers  and 
105,768  cross-arms. 

Interior  Western  Region. 

In  1919  there  were  12  plants  in  active  operation  in  this  region, 
while  in  1920  there  were  13.  These  plants  consumed  1,791,935  gals, 
of  creosote,  or  360,823  gals,  more  than  was  used  in  the  same  region 
the  previous  year.  Of  the  total  quantity  employed  in  the  pre- 
servative treatment  of  wood  during  the  year,  21,649  gals,  were  of 
foreign,  and  1,770,286  gals,  of  domestic  manufacture.  These  plants 
also  used  4,946,467  lbs.  of  zinc  chloride,  and  occupied  first  place  in 
the  consumption  of  miscellaneous  preservatives,  the  total  quantity 
which  they  reported  being  646,271  gallons. 

In  this  region  3,511,576  cross-ties  were  treated  during  the  year 
covered  by  this  report,  or  382,978  more  than  were  treated  in  1919. 
Of  the  total  number  reported  1,996,290  were  hewed  and  1,515,686 
sawed  ties. 

These  plants  treated  185,320  lin.  ft.  of  piles,  and  102,483  poles, 
the  latter  item  representing  an  increase  of  81,156  poles  over  the 
number  reported  in  1919. 
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The  plants  of  the  Interior  Western  Region  also  treated  1,670 
square  yards  of  wood-blocks,  10,447,261  board  fe^t  of  construction 
timbers,  268  cross-arms,  and  119,163  board  feet  of  miscellaneous 
lumber. 

Pacific  Coast  Region. 

Fifteen  plants,  or  1  less  than  were  active  in  1919,  reported  in 
connection  with  the  preparation  of  the  1920  statistics.  They  used 
4,916,727  gals,  of  creosote  consisting  of  1,645,405  gab.  of  domestic 
oil,  and  3,271,322  gals,  of  foreign  manufacture.  They  also  con- 
sumed 3,696,734  lbs.  of  zinc  chloride,  and  3,285  gals,  of  miscel- 
laneous preservatives. 

In  this '  region  there  were  subjected  to  treatment  a  total  of 
2,681,740  cross-ties,  of  which  2,581,027  were  sawed,  and  100,713 
hewed. 

These  plants  subjected  to  treatment  2,633,177  lin.  ft.  of  piles, 
and  62,511  poles,  the  former  representing  622,543  lin.  ft.  in  excess 
of  the  quantity  reported  in  1919. 

The  plants  of  the  Pacific  Coast  Region  also  treated  26,486  square 
yards  of  wood-blocks,  or  133,044  square  yards  less  than  were  re- 
ported the  year  before.  In  addition  they  also  subjected  to  treat- 
ment 4,881,232  board  feet  of  construction  timbers,  and  2,204,830 
board  feet  of  miscellaneous  lumber. 

Preservation  of  Ties. 

A  glance  at  Table  9  will  show  that  for  all  the  years  for  which 
these  statistics  have  been  gathered,  cross-ties  have  always  consti- 
tuted the  bulk  of  the  material  treated.  In  1920  the  112  treat- 
ing plants  that  were  active  in  this  country  reported  a  total  of 
173,309,505  cu.  ft.  of  wood  as  having  been  given  preservative  treat- 
ment. Of  this  quantity  nearly  80%,  or  134,962,596  cu.  ft.,  con- 
sisted of  cross-tigi.  The  number  of  cross-ties  treated  in  1920  was 
44,987,532,  or  7,419,605  more  than  the  37,567,927  reported  the  year 
before.  Of  the  total  quantity  treated,  33,300,339  were  hewed,  and 
11,687,193  sawed. 

Yellow  pine  ties  again  ranked  first,  the  number  treated  being 
16,621,773.  Oak  ties  occupied  second  place  with  14,531,848,  while 
Douglas  fir  ties  to  the  number  of  3,861,514  were  third.  The  num- 
ber of  ties  of  each  kind  of  wood  that  were  reported,  the  percentage 
of  the  total  which  each  represents,  and  the  number  treated  with 
the  different  preservatives  used  are  shown  in  Table  7. 
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In  Table  8  are  presented  statistics  showing  the  number  of  cross- 
ties  treated  in  1920  by  classes  and  types.  As  indicated  in  this  table, 
the  bulk  of  the  ties  treated  are  those  intended  for  use  on  steam 
railroads.  Of  the  total  number  of  ties  of  this  type  that  were  re- 
ported 1,579,562  were  adzed,  295,577  bored,  8,249,591  both  adzed 
and  bored,  and  32,552,019  neither  adzed  nor  bored.  Of  the  electric 
railroad  ties,  36,434  were  adzed,  none  were  bored,  141,563  both 
adzed  and  bored,  and  2,132,796  neither  adzed  nor  bored. 

Table  8. — Cross-Ties  Treated  in  1920,  by  Classes  and  Types. 


Claas 

Adsed 

Bored 

Adsed 
and  Bored 

Not  Adsed 
or  Bored 

Total 

Steam  raOroads 

Electric  railroads 

1.679.662 
86.484 

296.677 

8.249.691 
141.668 

82.662.019 
2,182.796 

42.676.789 
2.810.798 

Total 

1.616.986 

296.677 

8.891.164 

84.684.816 

44.987.682 

The  number  of  cross-ties  treated  with  zinc  chloride  in  1920  was 
29,132,720,  while  less  than  half  as  many,  or  13,371,517,  were  im- 
pregnated with  creosote.  The  zinc-creosote  emulsion  was  used  in 
the  preservative  treatment  of  2,471,622  ties,  and  11,673  were 
treated  with  miscellaneous  preservatives. 
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CROSS-TIES    TREATED 

For  those  ties  treated  with  creosote*  an  average  absorption  of 
7.33  lbs.  per  cubic  foot  was  obtained.  In  treating  ties  with  zinc 
chloride  the  average  amount  of  this  preservative  forced  into  the 
wood  per  cubic  foot  was  0.49   pound.     Where  the  zinc-creosote 

*Includei  distillate  coal-tar  creosote,  creosote  coal-tar  solution,  refined  water-sas 
tar  and  water-gas  tar  solution. 
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emulsion  was  employed,  the  average  injection  per  cubic  foot 
amounted  to  0.60  lb.  of  zinc  chloride  and  4.6  lbs.  of  oil.*  The 
Bethell,  Burnett,  Boiling,  Card,  Colman,*Lowry,  Rueping  and  open- 
tank  processes  were  all  used  in  the  treatment  of  cross-ties. 

Preservation  of  Piles. 

The  treating  plants  of  the  United  States  reported  the  treatment 
in  1920  of  a  total  of  11,965,912  lin.  ft.  of  piles,  which  constitutes 
a  decrease  of  1,591,607  lin.  ft.  from  the  quantity  treated  in  1919. 
The  piles  treated  consisted  principally  of  southern  yellow  pine  and 
Douglas  fir.  The  plants  of  the  Southern  Coast  Region  again  lead 
in  the  treatment  of  this  class  of  material,  with  a  total  of  6,259,484 
lin.  ft.,  while  the  Pacific  Coast  Region  was  second  with  2,633,177 
linear  feet.  The  Atlantic  Coast  Region  ranked  third  with  2,589,375 
linear  feet. 
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CU    FCtT-MILUONS 

PILES    TREATED 


Piles  were  treated  with  creosote*  alone  and  also  with  the  zinc- 
creosote  emulsion.  With  the  first-mentioned  preservative  an 
average  of  14.10  lbs.  per  cubic  foot  were  forced  into  the  wood.  In 
treating  piles  with  zinc  and  creosote  in  combination  an  averag^e  of 
0.538  lb.  of  the  former  and  3.21  lbs.  of  the  latter  constituted  the 
absorption  obtained  per  cubic  foot.  The  Bethell,  Boiling,  Card, 
Colman,  Lowry  and  Rueping  were  the  processes  used. 


^Includes  diitillate  coal  Ur  creosote,  creosote  coal-tar  solution,   refined  water- 
gas  tar  and  water-gas  tar  solution. 
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Preservation  of  Poles. 

The  number  of  poles  trefited  in  this  country  in  1920  was  585,781, 
or  207,300  more  than  were  subjected  to  treatment  the  year  previous. 
These  statistics  cover  only  tiiose  poles  treated  with  the  equipment 
maintained  at  regular  pressure  and  open-tank  treating  plants. 
They  do  not  include  brush-treated  poles,  or  those  treated  with 
purely  make-shift  or  temporary  apparatus. 

The  principal  pole  species  treated  were,  in  the  order  of  their 
importance  according  to  quantity  reported,  western  red  cedar, 
northern  white  cedar,  and  southern  yellow  pine.  A  few  poles  of 
chestnut  and  other  woods  were  also  reported  treated. 


GU  reCT- MILLIONS 

POLES  TREATED 


Creosote*  was  the  preservative  used  in  the  treatment  of  prac- 
tically all  poles  reported,  the  average  absorption  obtained  by  the 
Bethell,  Lowry  and  Rueping  processes  being  12.65  lbs.  per  cubic 
foot.  In  addition  to  the  pressure  processes  mentioned,  the  open- 
tank  process  was  also  employed  to  a  very  large  extent  in  treating 
poles. 

Preservation  of  Wood-Bloclcs. 

The  number  of  square  yards  of  wood-blocks  treated  by  the  plants 
of  the  United  States  in  1920  was  2,568,156.  The  quantity  reported 
represents  an  increase  over  the  quantity  treated  in  1919  of  772,469 
square  yards.    Of  the  total  quantity  treated  764,640  square  yards 

'Includes  dietillate  coal-tar  creoaote,  creosote  coal-tar  solution,  refined  water- 
gas  tar  and  water-sras  tar  solution. 
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were  intended  for  outside  paving,  and  1,803,516  square  yards  for 
inside  flooring. 

Creosote*  and  paving  oil  were  the  preservatives  used  in  treating 
wood-blocks.  The  average  injection  of  preservative  per  cubic  foot 
for  those  blocks  intended  for  use  as  inside  flooring  was  8.90  lbs., 
while  for  blocks  to  be  used  for  outside  paving  it  was  15.03  pounds. 
The  Bethell,  Boiling,  Lowry  and  Rueping  were  the  processes  used. 
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Preservation  of  Construction  Timl>ers. 

In  this  report  heavy  structural  material,  such  as  bridge  and  dock 
timbers,  switch-ties,  etc.,  are  classed  as  construction  timbers.  The 
quantity  of  construction  timbers  treated  by  the  plants  of  the 
country  in  1920  was  139,749,738  board  feet,  and  of  this  amount 
79,513,756  board  feet  were  reported  by  the  plants  of  the  Southern 
Coast  Region.  The  next  largest  quantity,  or  22,730,703  board  feet, 
was  reported  from  the  Atlantic  Coast  Region,  while  the  Interior 
Eastern  Region  ranked  third  with  22,176,786  board  feet. 

Practically  all  of  the  standard  wood-preserving  processes  were 
used  in  the  treatment  of  construction  timbers.  Where  creosote* 
was  the  preservative  used  the  average  absorption  per  cubic  foot  of 
wood  was  10.59  pounds.    For  zinc  chloride  it  was  0.495  lb.,  and  for 


'Includes  distillate   coal-tar  creosote,   creosote   coal-tar  solution,   refined   waters 
gas  tar  and  water-gas  tar  solution. 
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the  zinc-creosote  emulsion  it  was  0.52  lb.  of  the  former  and  4.66  lbs. 
of  the  latter. 


1920 

idia 

1918 
1917 
1010 
1915 
1914. 
1915 
I9K 
1911 
1910 
1909 


34>9C7d9l0 

cu.  Fcer-MiLLioris 
CONSTRUCTION  TIMBER  TREATED 


IS 


Preservation  of  Cross-Arms. 

The  number  of  cross-arms  treated  in  1920  exceeded  the  number 
reported  in  1919  by* 392,703.  The  total  number  treated  during  the 
year  covered  by  this  report  was  614,210,  and  of  this  quantity 
382,699,  or  approximately  75%,  were  reported  by  the  plants  of  the 
Southern  Coast  Region. 


i^do  ■■■pi 

:           !          1 

1919   11        i             !            ! 

1           •           • 
1           }          • 

1918    ■■■i^Hi    i 

1           •           1 

l^'7  ■■■I 

!                  '                 ! 

!            1            i 

19'^  P"  i 

■                    1                   I              • 

■                    1                   • 
'                    1                   * 
•                    •                   I 

1914-    ■■l^^^       I 

1                    j                   J 
•                 '                 1 

'^"  HI 

i                1               1 

!         1'        ; 

1910    ■1           1 

1909  ■         :          ;          1 

!         i        1 

Cu    FEET-MILLIONS 

CR055-ARM5   TREATED 
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Creosote*  was  the  only  preservative  used  in  the  treatment  of 
cross-arms,  the  processes  employed  being  the  Bethell,  Full-Cell  and 
Rueping,  and  the  average  absorption  was  9.35  lbs.  per  cubic  foot. 

Preservation  of  Miscellaneous  Lumber. 

The  material  included  under  this  classification  consists  of  a  wide 
range  of  wooden  commodities.  Some  of  the  more  important  items 
include  crossing-plank,  shingles,  posts,  anchor-slugs,  pile-heads, 
mine-props  and  lagging,  tie-plugs,  pole-steps,  pipe-staves,  electric 
and  signal  wire  conduit  and  miscellaneous  lumber  and  dimension 


I  2  3 

CU    FCCT-MILLI0N5 

LUMBER  AND  MI5GCLLANEOU5   TREATED 

material.  The  total  quantity  of  this  class  of  timber  products 
treated  in  1920  was  14,864,274  board  feet,  representing  the  sub- 
stantial increase  over  the  quantity  reported  in  1919  of  6,750,646 
board  feet. 

Where  creosote*  was  used  alone  the  average  injection  of  the 
preservative  per  cubic  foot  of  wood  was  9.86  pounds.  For  zinc 
chloride  by  itself  it  was  0.492  lb.,  and  for  the  zinc-creosote  combi- 
nation the  absorption  was  0.50  lb.  of  the  zinc  and  3  lbs.  of  creosote. 
The  processes  used  in  treating  this  class  of  material  were  the 
Bethell,  Boiling,  Burnett,  Card,  Colman,  Lowry  and  Rueping. 

Total  Material  Treated. 

Table  9  shows  in  cubic  feet  the  total  quantity  of  the  different 
classes  of  material  treated  with  the  various  preservatives  used  for 
the  years  1909  to  1920,  inclusive. 

*Include8  distillate  coal-tar  creosote,  creosote  coal-tar  solution,  refined  waters 
ffas  tar  and  water-gas  tar  solution. 
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WOOD-PRESERVING  PLANTS  IN  UNITED  STATES.  CANADA  AND  MEXICO. 

UNITED  STATES 

(PsBSsuRE  Processes) 


Haadquartera 

Location  of  Plant 

Year 
Built 

Cylindars 

Managing  Company 

No. 

Diam- 
eter 

Inches 

W 

Amarican  Creoaoting  Co 

New  York.  N.Y 

Louiavilla.  Ky 

Louisville,  Ky 

Newark.  N.J 

l»06j 

1918 
1907 
1917 
1907 
1916 
1907 

1 
1 
2 
2 
2 
2 
1 
2 

78 
78 
64 
84 
84 
84 
84 
84 

106 

Amariean  Craoaoting  Co 

Amariean  Creoaoting  Co 

Affnarlfian  Creoaotinff  Co 

Indianapolia,  Ind 

Marion,  111 

166 
U4 
184 

Louisville,  Ky 

Springfield,  Mo 

Kansas  City,  Mo 

RusseU,  Ky 

U4 

Amariean  Creoaoting  Cn 

Louisville,  Ky 

184 

Amariean  Creoaoting  Co 

Amariean  Creoaoting  Co 

Louisville,  Ky 

184 

Louisville,  Ky 

Hugo,  Okla 

184 

Amariean  Creoaote  Works 

Amariean  Creoaote  Works 

AmArlf^n  PrMMntA  Works.    .     . 

New  Orleans,  La 

NewOriean8,La 

New  Orleans,  La 

Southport,  nr.  New  Or 

leans 
LouisviUe,  Miss 

Winnfield.  La 

190l{ 
1912 

i9oe[ 

1 

1 
1 
1 

1 

84 
108 
108 
72 
72 

172 
172 
172 
126 

80 

Anaconda  Copper  Mining  Co 

Butte,  Mont 

Rocker,  Mont 

1910 

1 

72 

48 

A.  T.  A  S.  P.  Rwy.  Co 

Topeka,  Kan 

Albuquerque.  N.M.... 

1908 

2 

74 

182 

Atlantic  Coast  Una  R/R.  Co.  . . . 

Wilmington,  N.  C 

1912 

2 

74 

188 

Atlantic  Creo.  A  W.  P.  Wks 

Norfolk,  Va 

Norfolk.  Va 

190l/ 

1 

1 
1 

78 
78 
78 

6t 

82 

126 

Ayar  A  Lord  Tie  Co 

Chicago,  111  . . 

Grenada,  Mi» 

Argenta,  Ark 

1904 
1907 

1902{ 

4 
4 
4 
4 

74 
74 
72 
74 

128 

Avar  A  Lord  Tie  Co 

Chicago,  111 

182 

Ayar  A  Lord  Tie  Co 

Chicago,  111 

122 

182 

Baltimore  A  Ohio  R.  R.  Co 

Baltimore.  Md 

Green  Spring,  W.  Va  . . 

1912 

2 

84 

188 

Beaton  Elevated  Rwy.  Co 

Boeton,  Mass 

S.  Boaton,  Mass 

1916 

1 

90 

il 

R.  R 

Rochester,  N.  Y 

Bradford,  Pa 

1910 

1 

76 

86 

Banker  HiU  A  Sullivan  Mg.  Co. . 

Kellogg,  Idaho 

1908 

1 

84 

10 

Carbolineum  Wood  Prew.  Co .... 

Portland,  Ore. 

Portland,  Ore 

1901 

1 

Central  Craoaoting  Co 

Chicago,  111 

Finney,  Ohio 

1918 

2 

72 

184 

Central  of  Ga.  R.  R.  Co 

Macon,  Ga 

Macon,  Ga 

1912 

2 

84 

116 

Central  R.  R.  of  New  Jersey 

Port  Rea  ing,  N.  J.... 

PortReading.  N.  J.*... 

1912 

88 

140 

Charlotte  Harbor  A  No.  Ry.  Co. . 

Boca  Grande,  Fla 

Hull,  Fla 

1912 

74 

78 

C,  B.  A  Q.  R.  R.  Co 

Chicago.  Ill 

Galesburg,  111 

1907 
1899 

74 
74 

182 

C,  B.  A  Q.  R.  R.  Co 

Chicago,  ni 

Sheridan,  Wyo 

182 

Chicago  A  N.  W.  Ry.  Co 

Chicago,  III 

Escanaba,  Mich 

Riverton,  Wyo 

1908 
1916 

72 
72 

112 

Chicago  A  N.  W.  Ry.  Co 

Chicago,  HI 

110 

Colman  Co.,  J.  M 

Seattle,  Wash 

W.  Seattle,  Wash 

1884 

76 

120 

Colonial  Creoaoting  Co 

Louisville,  Ky 

Bongalusa,  La 

1912 

2 

72 

184 

Columbia  Creosoting  Co 

Portland,  Ore 

Linnton,  nr.  Portland.  \ 
Ore.                         J 

1912| 

\ 

72 
72 

182 

65 

Compreasad  Wood  Pfe.  Co 

Cincinnati,  O 

Cincinnati,  0 

1909 

^ 

72 

T6 

•Operated  jointly  with  the  PhiladelphU  A  Reading  R.  R.  Co. 
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UNITED  STATES — (PRESSURE  PROCESSES — Continued.) 


Headquarters 

Location  of  Plant 

Year 
BuUt 

CyUndera 

Managing  Company 

No. 

Diam- 
eter 
Inches 

Length 
Feet 

Continental  Tie  A  Lbr.  Co 

Denver,  Colo 

CinuuTon,  N.  M 

1918 

84 

87 

El  Paso  A  S.  W.  R.  R.  Co 

El  Paso,  Texas 

Alamogordo,  N.  M... 

1902 

72 

106 

Eppinger  &  Runell  Co 

New  York.  N.Y 

NewYork.  N.  Y 

Long  Island  City.  N.Y. 
Jacksonville.  Fla 

1878 
1909 

72 
84 

100 
180 

EoDinser  &  Ruosell  Co 

Federal  Creoeoting  Co 

LouisviUe,  Ky 

BoundBrook.  N.  J.... 
Toledo.  Ohio 

1909 
1909 
1910 
1909 

84 
84 
84 
84 

160 

Federal  Creoeoting  Co 

Louisville.  Ky 

184 

Federal  Creoeoting  Co 

Louisville,  Ky 

Rome,  N.  Y 

160 
160 

Federal  Creosotfnff  Co       

Louisville,  Ky 

Paterson,  N.  J 

Georgia  Creoeoting  Co 

Louisville,  Ky 

Bnmswick,  Ga 

1915 

84 

121 

Great  Northern  Ry.  Co 

St.  Paul,  Minn 

Somers.  Mont 

1901 

72 

110 

Gulfport  Creoeoting  Co 

Gulfport.  Miss 

Gulfport,  Miss 

1906 

2 

84 

120 

Hattieaburg  Creoeoting  Co 

Hattiesburg,  Miss 

Hattiesburg.  Miss 

1920 

2 

84 

160 

Indiana  Creoeoting  Co 

Louisville,  Ky 

Bloomington.  Ind 

1907 

1 

84 

184 

Indiana  Tie  Co 

Evansville,  Ind 

EvansviUe,  Ind 

EvansvUIe.  Ind 

Joppa,  lU 

1907 
1909 

2 
2 

72 
72 

110 

Indiana  Tie  Co 

110 

Indiana  ZIno  Creoeoting  Co 

Terre  Haute,  Ind 

Terre  Haute.  Ind | 

1904 
1912 

2 
2 

72 
182 

120 
20 

IntereUte  PubUc  Service  Co 

Columbus.  Ind 

1909 

1 

72* 

46 

Intl.  Creo.  A  Con.  Co 

Galveston,  Tex 

Galveston,  Tex 

Beaumont,  Tex j 

Galveston,  Tex 

Texarkana.  Ark 

18921 
1897J 
1905 

1902 

1 
1 
1 
1 

108 

72 

114 

72 

140 

Intl.  Creo.  A  Con.  Co 

100 

Intl.  Creo.  &  Con.  Co 

166 

126 

J«nniaon-Wright  Co 

Toledo.  Ohio 

Toledo,  Ohio... 

1910 

2 

72 

180 

Kettle  River  Co 

Madison.  Ill 

Madison.  Ill 

1909 

4 

84 

186 

L.  AN.  R.R.  Co 

Louisville,  Ky 

Guthrie,  Ky 

1918| 

1895 
1916 

2 
1 

1 
1 

84 
72 
72 
84 

183 

L.  AN.  R.R.CO 

LouisviUe.  Ky 

Gautier,  Miss | 

116 
188.. 

183 

Loe  Angelee  A  8.  L.  R.  R.  Co . . . 

Loe  Angeles,  Cal 

Zinc.  Cal 

1908 

2 

72 

117 

Michigan  Wood  Preserving  Co. . 

Pittsburgh.  Pa 

Reed  City.  Mich 

1918 

1 

90 

90 

Midland  Cren^ting  Oo 

Toledo,  Ohio 

Granite  City.  lU 

1917 

8 

74 

140 

Mo.,  Kan.  A  Tex.  Ry.  Co 

St.  Louis.  Mo 

Denison.  Tex 

1909 

4 

72 

108 

Moss  Tie  Co..  T.  J 

St.  Louis.  Mo 

Mt.  Vernon,  ni 

Granville.  Wis 

E.  St.  Louis.  Mo 

1899[ 

192l{ 
1921 

1 
1 
1 
1 
2 

74 
72 
74 
74 
76 

182 

Moss  Tie  Co.,  T.  J 

St.  Louis.  Mo 

117 
118 

Moss  Tie  Co.,  T.  J 

St.  Louis.  Mo 

182 
160 

Natl.  Lbr.  A  Creo.  Co 

Texarkana,  Ark 

Texarkana,  Ark 

Texarkana.  Ark 

Texarkana,  Tex 

Houston,  Tex .    ... 

1910 
1912 
1920 

2 
4 
2 

84 
72 
80 

182 

Natl.  Lbr.  A  Creo.  Co 

120 
84 

Natn.  Lbr.  A  Creo.  Co 

Kansas  City.  Mo 

Norfolk  A  Western  Ry.  Co 

Roanoke,  Va 

E.  Radford.  Va 

1921 

2 

84 

140 
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UNITED  STATES — (PRESSURE  PROCESSES — Continued.) 


Headquarters 

Location  of  Plant 

Year 
Built 

Cylinders 

Mftnaging  Company 

No. 

Diam- 

eter 

Inchee 

Ftat 

Norfolk  Craototinff  <^ 

Norfolk,  Va 

Buell.  nr.  Norfolk.  Va. 

1896 

1905{ 

78 
78 
84 

100 
106 

125 

Northam  Pftcific  Co 

St.  Paul.  Minn 

St.  Paul.  Biinn 

Brainerd.  Minn 

Paradise.  Mont 

1907 
1907 

84 
84 

184 

Northern  Paciflc  Co     

ISS 

Ohio  Wood  Preaervinff  Co 

Pittsburgh.  Pa 

OrrviUe.Ohio 

1912 

84 

90 

Ore.  Short  Lino  R.  R.  Co 

Salt  Lake  City.  Utah.. 

PocateUo.  Idaho 

1921 

84 

132 

Ora  -Wuh.  R.  ^r  A  Nav.  Co 

Portla|^d.  Ore 

Wyeth.  Ore 

1904 

72 

114 

P&cifie  Craoaotinff  Co 

Seattle.  Wash 

Eagle  Harbor.  Wash . . . 

1906 

78 

126 

PMinavlvAniA  SvntfilB 

Mt.  Union.  Pa 

Greenwich.  Philadel- 
phia, Pa. 

1909 
1910 

72 
72 

182 

Ponnavlvania  SwtfRI 

182 

Philft.  A  RMding  Ry 

PortReadi^N.J.... 

Port  Reading.  N.J.*... 

1912 

88 

140 

PionMr  Lbr.  A  Creo.  Co 

Ensley.Ala 

Ensley.  Ala 

1911 

74 

76 

Pittsburgh.  Pa 

Connellsville.  Pa 

1911 

84 

90 

LoweU,  Wash 

Lowell.  Wash 

1896 

84 
78 
74 

117 
120 

122 

Railway  Tie  Treatinff  Co 

New  York.  N.Y 

Portable.  Pa 

1917 

48 

68 

.ReDublic  Creototiiis  Co 

Indianapolis.  Ind 

Indianapolis.  Ind 

Indianapolis;  Ind 

Indianapolis.  Ind 

Mobile.  Ala 

1906 
1908 
1916 
1906 

74 
74 
74 
74 

180 

Republic  Creoeotinc  Co 

Indianapolis.  Ind 

Seattle.  Wash 

Minneapolis,  Minn.... 
Norfolk,  Va 

180 

Remblifi  Cnoeotinff  Co 

180 

Republic  Creoeoting  Co 

180 

RebubUe  Cnoaotiiiff  Co 

St.  Heleiia  Creoeoting  Co 

St.  Helens,  Ore 

1912 

84 

186 

St.  Paul  A  Taooma  Lbr.  Co 

Taooma.  Wash 

Taooma,  Wash 

1912 

84 

ISO 

Santa  Fe  Tie  A  Lbr.  Preeerving 
Co 

Topeka.  Kans 

Somerville,  Tex 

1906 

74 

1S2 

Savannah  Creoeoting  Co 

New  Orleans.  La 

Savannah.  Ga 

1920 

96 

140 

Shreveport  Creoeoting  Co 

Louisville.  Ky 

Shreveport.  La 

Deridder.La 

1910 

84 

184 

Shreveport  Creoeoting  Co 

Louisville.  Ky 

Southern  Creoeoting  Co 

Slidell.  La 

SUdelULa ( 

1879 
1902 

84 
72 

160 

lot 

Southern  Pacific  Co 

San  Francisco.  Cal 

San  Francisco,  Cal 

San  Francisco.  Cal 

1898 

1887J 
1907 

72 
72 
72 
72 

117 

Southern  Pacific  Co 

W.  Oakland.  Cal 

Loe  Angles.  Cal 

108 
1S8 
112 

Southern  Pacific  Co '. 

Southern  Paving  A  Const  Co. . . 

Chattanooga,  Tenn 

Pensacola.  Fla 

1912 

72 

90 

Southern  Wood  Pree.  Co 

Atlanta.  Ga 

Atlanta.  Ga 

1908 

72 

100 

Tenn.  C.  I.  A  R.  R.  Co 

Bessemer.  Ala 

1909 

72 

66 

Teas  A  N.  O.  R.  R.  Co 

Houston.  Teas 

Houston.  Tex 

1890 

72 

112 

^Operated  jointly  with  the  Central  Railroad  of  New  Jersey. 
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UNITED  STATES — (PRESSURE  PROCESSES — Concluded.) 


Headquartera 

Location  of  Plant 

Year 
Built 

Cylinders 

Managing    Company 

No. 

Diam- 
eter 
Inchea 

Length 
Feet 

Union  Padflc  R.  R.  Co 

Omaha,  Neb. 

Laramie,  Wyo 

1909 
1903 

4 

2 

78 
78 

117 

117 

U.  S.  Gov't  Wood  Prea.  Plant . . . 

New  Orleans,  La 

New  Orleana,  La 

U.  S.  Wood  Preaerving  Co 

New  York.  N.Y 

Buell  (nr.  Norfolk),  Va. 

1907 

2 

78 

160 

Weatern  Wood  Prea.  Co 

Spokane,  Waah 

Yardley.  Waah 

1912 

1 

84 

66 

Wyckoff  Pipe  &  Creo.  Co 

New  York,  N.Y 

Portamouth,  Va 

1881 

4 

74 

102 

Watidna  Creoaoting  Co 

Chicago,  lU 

Metropolia,  111 

1918 

1 

74 

100 

WalahTieCo 

MinneapoUa,  Minn.... 

Minneaota  Tranaf er,  St 
Paul,  Minn. 

1921 

2 

72 

128 

CANADA 


Bruce  A  Co.,  Alex 

Glasgow,  Scotland 

FortFranda,  Ont 

1912 

1 

84 

76 

Canada  Creoaoting  Co.,  Ltd 

Sydney,  N.S 

1911 

1912| 

1920 

1 

1 
8 

2 

78 
78 
78 

84 

86 

Canada  Creoaoting  Co.)  Ltd 

Toronto,  Can 

Tranaoona,  Man.  (nr.  \ 
Wnnipeg)                 j 

Sudbury,  Ont 

94 

Canada  Creoaofing  Co.,  Ltd 

Toronto,  Can 

186 
160 

Dominion  Creo.  Co.,  Ltd 

Vancouver,  B.  C 

Vancouver,  B.  C 

1910 

2 

90 

100 

Dominion  Tar  ft  Chem.  Co 

Sydney.  N.S 

Sydney,  N.S 

Tranaoona  (nr.   Win-  \ 
nipeg),  Manitoba     j 

1911 
1912| 

1 
1 
8 

78 
78    . 
78 

86 

Sydney,  N.S 

84 

186 

Vancouver  Creoaoting  Co.,  Ltd . . 

Vancouver,  B.  C 

N.  Vancouver,  B.  C . . . 

1916 

2 

84 

186 

Digitized  by  LjOOQ IC 


574 


Seventeenth  Annual  Meeting 


UNITED  STATES' (Non-Pressure  Processes) 


Headquarters 

Location  of  Plant 

Year 
Built 

Cylinders  or  Tanks 

Mftnaging  Company 

No. 

Sis»-Feet 

AUen  A  Son  Co^  Otis 

Lowell,  Mass 

Lowell,  Mass 

1848 
1876 

2 

4 

4x8x60 

Allen  A  Son  Co.,  Otis 

Lowell,  Mass 

Portsmouth,  N.  H 

4  x8x60 

AnaccmdA  Copp«r  Mining  Co ... . 

Butte,  Mont 

Rocker,  Mont 

1909 

1 

10  X  10  X  10 

Baxter  A  Jordan 

Los  Angeles,  Cal 

Wilmington,  Cal 

1911 

Brown  Company 

Portland,  Me 

Portland,  Me 

1888 

2 

6x  11  x86 

Portland,  Ore 

Durbin,  Ore 

1910 

4 

8x4x60 

Chapin  Co.,  E.  T 

Spokane,  Wash 

Bovil,  Idaho 

1916 

2 

8  X  12  X  11 

DeL  Lack  A  West.  R.  R.  Co 

Scrantcm,  Pa 

Paterson,  N.J 

1907 

1 

6dia.xS2 

Homeatake  Mining  Co 

TiMd,  8.  r> 

Lead,  Sx  D 

1908 

1 

4  dia.x88 

lindaley  Broa.  Co 

Spokane,  Wash 

Minneapolis,  Minn.... 
Priest  River,  Idaho.... 

1916 
1910 

2 
2 

14  X  18x11 

lindal^  Broa.  Co 

6dia.xll 

National  Pole  Co 

Everett,  Wash 

Everett,  Wash 

1916 

4 

80  X    7  X  10 

Naugle  Pole  A  Tie  Co 

Chicago,  111 

Chicago.  Ill 

1912 
1920 

2 

6x    6x10 

Naugle  Pole  A  Tie  Co 

Chicago,  111 

Pinconning*  Midi 

New  Southern  California  EdiMn 
Co. 

Los  Angeles,  Cal 

1912 

8 

10.6x8.6x9 

Page  and  Hill  Co 

Minneapolis,  Minn 

1911 

4 

6diA.xll 

P.  A  R.  Coal  A  Iron  Co 

Pottsville,  Pa 

New  Philadelphia,  Pa. . 

1908 

1 

6dia.x82 

Portland  Ry.  Light  A  Power  Co . . 

Portland,  Ore 

PttbUc  Service  Electric  Co 

Newark,  N.J 

Newark,  N.J 

1909 

1 

10x82x   2 

Paget  Sound  Wd.  P.  Co 

Lowell,  Wash 

Lowell,  Wash 

1896 

1 

8  X  10  X  80 

R^rablic  Creoaoting  Co 

Mobile,  Ala 

Mobile,  Ala 

1912 

1 

8  X  19  X  10 

San  Joaquin  L.  A  P.  Co 

Fresno,  Cal .  x 

Fresno,  Cal 

1910 

2 

7x9x9 

Taooma,  Wash 

Tacoma,  Wash 

1916 

4 

7  X  10  X  80 

Southern  Pacific  Co 

San  Frandsco,  Cal 

West  Oakland,  Cal.... 

1911 

1 

4x6x8 

United  Gas  Imp.  Co 

Philadelphia,  Pa 

U.  S.  Gov't  Wood  Pres.  Plant. . . . 

Milan,  lU 

Milan,  111 

1908 

1 

4  X   3x42 

Valentine-Claric  Co 

Minneapolis,  Minn.... 

Minnesota  Transfer,     1 
St.  Paul,  Minn.        \ 

1908 
1908 

1 
2 

12  X  14  X  12 

8  dia.  z  12 

Walsh  Tie  Co 

Minneapolis,  Minn.... 

Minneapolis  Transfer, 
St.  Paul,  Minn 

1921 

6 

10  X  22  z  U 

Western  Cedar  Pole  Preservers. . . 

Spokane,  Wash 

Sandpoint,  Idaho / 

1916 
1916 

2 
1 

8  X  24  z  11 
6  dia.  z  U 

CANADA 

T4nd#lf7Bros 

Spokane,  Wash 

Naskup,  B.  C 

1910 

1 

6  dia  z  12 

MEXICO 
No  data  available  regarding  treating  plants  in  Mexico.    The  Mexican  Central  Railroad  built  a  plant  at  i 
calientes,  Mex.,  in  1901,  to  treat  raikoad  ttes  with  sine  chloride.    About  the  year  1907  the  Madero  Co.  buU  fa  2- 
retort  plant  at  Madera,  Chihuahua,  Max.,  to  treat  railroad  ties  with  sine  chloride. 
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MILEAQE  OF  STEAM,  HORSE  AND   ELECTRIC  RAILWAYS 
IN  THE  UNITED  STATES. 


Cross-Ties  Tbeated — Treating  Plants  in  Operation. 

Steam  Railroads 

Horee 
&  Elec 
Rwys. 

Total 

Ties  used 

Ties  treated 

Treating 

Year 

FInt 
main 
tracks 

Other 
tracks 

plants  in 
opera- 
tion 

1860 
1870 
1880 
1886 
1886 

Miles 

80.626 

62.922 

98.267 

128.820 

126.186 

MUes 

8.000 

9.100 

21,977 

82.868 

84.441 

Miles 

200 
1.200 
2.000 
2.800 
8.120 

Miles 

88.826 

68.222 

117,244 

168.988 

162,746 

Number 

10.147.800 
18,966.600 
86.178.200 
47.696.400 
48.828.800 

Number 

From  1860  to\ 
1886   inclusive} 
Approx.  60,000 
120.000 
610.000 

Per 
Cent. 

0.10 

0.26 
1.04 

Number 

8 

6 
6 

1887 
1888 
1889 
1890 
1891 

187.028 
146.887 
168.726 
168.597 
168.408 

87.848 
88.221 
42.242 
42.086 
47.746 

8.680 
4.112 
4.980 
6.241 
6.166 

178.066 
187.720 
200.897 
218.874 
222.804 

68.416.800 
66,816,000 
60,269,100 
64.168.200 
66.691.200 

694.000 
644.000 
616.000 
660.000 
697.000 

1.11 
1.14 
1.02 
1.01 
1.06 

6 
6 

7 
8 
8 

1892 
1898 
1894 
1895 
1896 

171.664 
176.461 
178.709 
180.657 
182.777 

60.787 
68.676 
64.826 
66.287 
67.862 

7.040 

8.870 

8.949 

10.810 

12.188 

229.891 
289.007 
242.488 
247.704 
262.262 

68.817.800 
71.702.100 
72.744.900 
74.811.200 
76.678.600 

790.000 

812.000 

920.000 

1.289.000 

1.807,000 

1.15 
1.18 
1.26 
1.78 
1.78 

9 
10 
11 
12 
18 

1897 
1898 
1899 
1900 
1901 

188.284 
184.648 
187.686 
192.666 
196.662 

68.729 
60.686 
62.608 
66.228 
69.790 

18.766 
16.942 
17.666 
19.814 
22.217 

256.778 
261.276 
267.808 
278.098 
287.669 

76.788.400 
78.882.800 
80.842.400 
88.429.400 
86.270.700 

1.812.000 
1.826.000 
2.610.000 
2.800.000 
4.101.000 

1.71 
2.88 
8.12 
8.86 

4.76 

18 
18 
16 
16 
17 

1902 
1908 
1904 
1906 
1906 

200.165 
206.814 
212.248 
216.974 
222.840 

74.041 
78.608 
84.880 
89.828 
94.648 

25.592 
27.764 
29.648 
82.617 
86.212 

299.788 
811.676 
826.621 
889.814 
868.195 

89.986.400 
98.472.800 
97.986.800 
77.982.000 
102.884.000 

6.180.000 

9.010.000 

12.800.000 

14.890.000 

16.880.000 

6.87 

9.64 

18.06 

19.09 

16.41 

22 
27 
80 
84 
89 

1907 
1908 
1909 
1910 
1911 

227.456 
229.208 
284.069 
289.447 
244.476 

100.620 
108.162 
106.960 
110.986 
116.686 

88.812 
40.247 
40.490 
40.088 
41.088 

866.787 
872.602 
881.499 
890.471 
402.160 

168.700.000 
111.780.600 
114.449.700 
117.141.800 
120.646.000 

19.866.000 
28.776.000 
22.088.000 
80.644.000 
81.141.000 

12.92 
21.27 
19.26 
26.08 
25.81 

61 
67 
68 
78 
81 

1912 
1918 
1914 
1916 
1916 

247.981 
260.584 
268.997 
267.669 
260.144 

121.886 
126.088 
180.666 
188.678 
186.700 

42.110 
48.048 
48.989 
46.618 
47.721 

411.477 
419.616 
428.642 
487.766 
444.666 

128.448.100 
125.884.500 
147.692.600 
181.826.500 
188.369.500 

82.894.000 
40.260.000 
48.847.000 
87.086.686 
87.469.868 

26.24 
82.00 
84.87 
28.24 
28.10 

87 
92 
96 
102 
117 

1917 
1918 
1919 
1920 

261.128 
262.000 
262.000 
262.000 

189.710 
142.000 
148.000 
146.000 

49.687 
60.000 
50.000 
60.000 

460.420 
464.000 
466.000 
467.000 

186.126.000 
186.200.000 
186.600.000 
187.100.000 

88.459.470 
80.609.209 
87.667.927 
44.987.682 

24.76 
22.47 
27.62 
82.81 

116 
107 
108 
112 

Mileage  of  steam  railroads  from  1890  to  1914  from  records  of  Interstate  Commerce 
Commission. 

CroM-ties  used  and  treated  from  1906  to  1911  from  Census  Reports. 

Cross-ties  used  from  1S60  to  1905  and  from  1912  to  1918  estimated  on  basis  of  800  ti  es 
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contents  of  proceedings 

1905 

Testiiiff  of  Creosote  Oib H.  W.   Jayjtb 

Twenty-Three  Ye*rt'  Experience  with  Creosoted  Timber,  and  ResulU.J.  C.  Hauqh 

The  Uie  of  Saturated  Steam  During  Treatment F.  D.   Bbal 

How  Heatins  Coils  Can  Be  Maintained  in  the  Retorts E.  S.  Chustian 

Adoption  of  a  Standard  Method  of  Computans  Prices  on  Treated  Timber 

> - P.    F.     DUNDOM 

Education  for  Timber-Preservinir  Specialists — - F.  D,  Beal 

1906 

Classification  of  the  Proper  Condition  of  Timber  for  Treatment A.  S.  Casb 

General  Conditions  Covering  Wood-Preserving   Plants..., .D.   BuftKHALtn 

Future  Progress  of  Wood  Preservation Carl  G."  CRAwroBD 

A  Sketch  of  Methods  and  Practice  in  Use  at  Mexican  Central  Railway 

Company's   Plant  at  Affuascalientes— J.    E.   PhiupM 

1907 

Progress  of  Timber  Preservation  in  1906.— Carl  G.  Crawfobo 

Advantages  and  Disadvantages  of  Steaming.. .Octavo  Chanuti 

Causes  of  Decay  in  Timber C.  W.  Brrry 

1909 

History  of  Wood  Preservation  in  America^ - Octavo  Chanitr 

Heartwoods  Which  Can  Be  Treated.. ..H.  J.   Valbntinb 

Treatment  of  Dead  Timben C.   W.   Bbbby 

Proper  Grouping  of  Timben  for  Treating *- J.  S.   Bakrr 

Inflammability  of  Treated  Timber H.  M.  Rolunb 

Quantity  and  Quality  of  Creosote  for  Treating  Piling R.  J.  Calobr 

Use  of  Crude  Oil  as  a  Timber  Preservative,  and  the  Best  Method  of  Ap- 

plication Gborob    E.    Rbx 

Should  an  Attempt  Be  Made  to  Air-Season  Timber  Before  Treating  in  the 

Southern  Part  of  the  United  States? R.  L.  Allarotcb 

What  Is  the  Best  Power  for  Moving  Ties  and  Material  Throughout  the 

Yard  and  Into  the  Retorte? J.  B.  Card 

Treating  in  Open-Tanks. 

Experience  in  Injury  to  Men  from  Handling  Creosoted  Material. 
Effect  of  Timber  Treated  with  Creosote  or  Zinc  Chloride  on  Electric  Cur- 
rents Passing  Through  Other  Materials  in  Contact  with  the  Timber. 
Creosoting  Douglas   Fir ..David   Allierton 

1910 

What  Effect  Does  the  Time  of  Cutting  Timber  Have  on  the  Rate  of  Sea- 
soning and  Treatment  of  Same? _--_... J.  C.  Williams 

Economics  of  Cables.   Electricity  or  Locomotives   in  Moving  Materials  at 

Plants Andrbw    Gibson 

Inflammability  of  Treated  Timber H.  M.  Rollins 

Advantages  and  Economy  of  Various  Retort  Doors.. David  Allerton;  S.  M.  Rows 
Precaution  to  be  Observed  for  Prevention  of  Fire  in  Creosoting  Plants.. 

. LowRY    Smith 

Precautions  to  be  Observed  to  Prevent  Fire  at  Plants H.  J.  Whitmobb 

ResulU  Obtained  by  Treating  with  Crude  Petroleum C.   M.   Taylor 

What  Percentage  of  Creosote  Oil  can  be  Withdrawn  from  Wood  by  Sub- 
sequent  Vacuum? J.    B.   Card 

Discussion    of   Preceding    Article David   Allbbton 
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1910— Concluded) 

Forest  Products  Laboratory  at  Madison,  Wisconsin Howabo  F.  Wbiss 

Notes  on  Creosote  Analysis H.  M.  NiWTON 

Proper  Grouping  of  Timbers  for  Treatinsr — F.   J.   Anqibb 

Amounts  of  Various  Antiseptics  Required  per  Cubic  Foot  to  Obtain  Good 

Results  for  Various  Purposes -R.   L.  Allaboycb 

1911 

Is  the  Covering  of  Retorto  Economical  and  Practical? R.  W.  Yabbbouqh 

Discussion  of   Precedlns  Article —.J.   C.    Williams 

How  can  Excessive  Insurance  Rates  Usually  Charged  by  Insurance  Com- 

panies   be   Avoided? R.    J.    Caldbr 

Difficulties  Encountered  by  PlanU  in  the  North  that  Plants  Located  in  the 

South  do  not  have  to  Contend  With Andbbw  Gibson 

Should  Sawn  and  Hewn  Ties  of  the  Same  Kind  of  Timber  of  the  Same 

Deirree  of  Seasoning  be  Treated  in  the  Same  Cylinder  Load?..H.  J.  Whitmobb 

Wood-Block  Pavinff — Db.   Hbbma'nn  von   Schbbnk 

How  to  Pile  Lumber,  or  PiUns  Timber J.  H.  Watbbman 

Feasibility  of  Groupinsr  Timbers  for  Treatment. ^ W.  F.  Goltba 

What  Depths  of  Penetration  are  to  be  Expected  from  the  Different  Amounts 

of  Preservatives  Usually  Specified? David  Allbbton  and  R.  L.  Allabdycb 

Discussion  of  Preceding  Article „ -.J.  C.  Williams 

Some  Results  Obtained  in  this  Country  in  Prolonsins  the  Life  of  Railway 
Cross-Ties  by  Preservative  Treatment  as  shown  by  the  Records  that 
have  been  kept,  and  a  Better  Method  of  Keeping  these  Records.. F.  J.  Anqibb 
Some  ResulU  from  Treated  Ties  Ak»nff  the  South  Atlantic  Coast-..WM.  A.  Fishes 

Timber  Supply  in  Relation  to  Wood  Preservation E.   A.   Stbblino 

General  Review  of  Timber  Treating  in  this  Country,  with  Special  Refer* 
ence  to  Causes  that  have  been  and  are  Retarding  its  More  Universal 

Adoption John   T.   Looan 

Review  of  Devek»pment  in  Timber-Treatinsr  Industry ...Waltbb  Bubhlbb 

Benefits  Derived  from  Attending  Annual  Meetinss  of  the  Wood -Preservers' 

Association  by  Members  of  the  Association Wm.  Townslby,  Jb. 

What  Percentaffe  of  Creosote  Oil  can  be  Withdrawn  from  Wood  by  Sub- 
sequent Vacuum?. C.  D.   Chanutb 

Asphaltic  Oils  as  Applied  to  the  Preservation  of  Railroad  Ties 

Fbank    W.    Chbbbinoton 

Impurities  in  Zinc  Chloride C.  BIabshall  Taylob 

1912 

Production  of  the  Wooden  Cross-Tie A.   R.  Joycb 

Economic  Material  for  Boat  and  Barge   Construction A.   E.   Haqbbobck 

Cutting  and  Seasonlnir  of  Timber A.   Mbybb 

Scientific  Management  of  Timber-Preserving  Plants D.   Bubkhaltbb 

Efficiency  in   Plant  Operation E.    A.    Stbbunq 

Creosote  Oil  Specifications  and  Methods  of  Anabrsis S.   R.  Chubch 

Evaporation  of  Creosote  and  Crude  Oils P.   E.   Fbeobndoll 

Comparison   of  the   Absorption   and   Expansion   of   Properties   of   Wood- 
Paving  Bk>cks  when  Treated  with  Paving  Oil  of  a  Specific  Gravity  of 

1.2  and  Creosote  Oil  of  Specific  Gravity  of  1.065 H.  M.  Roluns 

Wood-Block  Pavements  from  a  Construction  Standpoint Day  I.   Okbs 

Creosoted   Wood-Paving   Blocks A.    E.   Labkin 

Structure  of  Commercial  Woods  in  Relation  to  the  Injection  of  Preserva- 
tives  HowABO  F.   Weiss 

Creosotes  and  Creosotlng  Oil David  Allbbton 

Creosote  Specifications  and  Analysis Db.  Hbbmann  von  Schbbnk 

Arrangement  of  Yard;  Piling  Ties  and  Timber  and  Kindred  Subjects 

..J.      H.      W^YBBHAN 
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1912— (Concluded,) 

Tr«Atinff  Seasoned  vi.  Unteeaoned  Ties F.   J.  ANom 

Inspectors   and    Inspection   of   Materia]   and    Treatments    at    Commercial 

PlanU R.    L.    Allabdycb 

Preservation  of  Power  Transmission  Poles W.  R,  Whbaton 

1913 

Production  and  Supply  of  Coal-Tar  Creosote E.   A.   SmuNO 

Comparison    of    Zinc    Chloride    with    Coal-Tar    Creosote    for    Preserving 

Cross-Ties — ^...H.    F.    Wnss 

Notes  on  Analysis  and  Testing  of  Coal-Tar  Creosote L.  B.  SHiPunr 

Some   Experimental   Treatments  with   Reference  to   the  Effect  of  Initial 

Air  Pressure  on  Penetration  of  Creosote . R.  S.  Bclchbb 

Reciuirements  of  Successful  Timber  Treatment Da.  Hrmann  von  Schunk 

Preliminary  Treeitment  of  Timber  to  Insure  a  more  even  and  Satisfactory 

Impregnation   with   Creosote David   Allbbtom 

Treatment  and  CaW  of  Floors Gao.  E.  Saums 

Preservation  of  Lumber  for  Car  Construction J.  H.  Watbman 

Sap  in  Relation  to^the  Properties  of  Wood S.  J.  Rbcoro 

Mutual  Interest  of  Railroads  and  Commercial  Companies  in  the  Work  of 

this    Association L.    B.    MosBS 

History  of  Wood  Preservation W.   F.   GoLimA 

Piece-Work  of  Unit  System  of  Handlinsr  Ties  and  Timber W.  W.  Elobidqb 

Some  Tests  to  Determine  the  Effect  upon  Absorption  and  Penetration  of 

Mixinff  Tar  with   Creosote F.    M.    Bono 

Transmission  of  Air  Pressure  in  Cross-Ties ...C.  P.   Winslow 

Adxins  and  Borins  Ties,  and  the  Cost  of  InstaUinir  Plants  of  this  Kind.. 

^ J.     A.      LOUNSBUKT 

Natural  and  Artifleial  Seasoning  of  Douglas  Fir  for  Treatment .F.  D.  Bbal 

Treatment  of  Douglas  Fir  with  Creosote  Oil Gbo.  A.  Colman 

Efficient  Handlinir  of  Ties  and  liaterial A.  M.  Smith 

Preparing  Timber  for  Treatment  in  the  Gulf  SUtes.. ..wR.  L.  Allaboycb 

How  Nearly  does  the  Modem  Yellow  Pine-Block  Pavement  Approach  the 

Ideal  Pavement  and  what  Improvement  can  we  Suggest? H.  L.  Collibb 

Address  1^  J.  E.  Rhodes,  Secretary-Manager  National  Lumber  Manufac- 
turers   Association. 

Timber  for  Creosoted  Block   Paving - -H.   G.   Davis 

Address  by  George  K.  Smith,  Secretary  Yellow  Pine  Manufacturers*   As- 
sociation. 
Lasring   Wood-Block   Pavement H.    S.    LouB 

1914 

Address  of  Welcome  by  Mayor  Behrman  of  New  Orleans. 

Some  Methods  of  Separating  Water  from  Creosote  Oil Thomab  Whitb 

Wood  Preservation  and  Forest  Conservation J.  H.«  WAnBMAN 

Specifications  for  Creosote  OIL 

DeUils  of  Methods  of  Testing  Creosote  Oil. 

Creosote  Oil P.  C.  Rbillt 

Use  of  Refined  Coal-Tar  in  the  Creosoting  Industry 

Db.  Hbbmann  von  Schbbnk  and  Altbbd  L.  Kammbbbb 

Preliminary  Work  in  Fireproofing  Wood Robbbt  E.   Pbincb 

Comparison    of    Wood    Paving    in    European    Countries    and    the    United 

States S.    R.    Chubgh 

Report  of  Creosoted  Piling  in  Galveston  Bay  Bridge  of  Santa  Fe  Railway. 

Construction   of   Creosoted   Wood-Bk>ck   Pavements R.    8.   Maklbt 

Creosoted  Wood-Bkwk  Pavemento Habby  C.   Davis 

ResulU  Obtained  by  Piling  Creosoted  Wood  Blocks  Ck>sely  in  Cages,  and 

the  Saving  Effected  Thereby R.  H.   Whitb 
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1914 — (Concluded,) 

New  Type  of  Pavinff-BIock  Plant J.  B.  Cxmo 

Preservation   of  Wood  by   Means   of  Corrosive  Sublimate    (Kyanizin^).. 

Db.   Fbhwuch   Moll 

Protection  of  Ties  from  Mechanical  Destruction Howabd  F.  Wmss 

Future  Tie  Material  in  the  United  States H.  H.  Gibson 

Treatment  of  Piling  and  Timber  Accordinsr  to  Condition  of  Uie  and  Ex- 
posure  E.    L.    Powell 

Some  Facts  which  I  have  Gathered  from  Observation  and  Inspection  of 

Experimental   Ties „J.   H.   Waterman 

Steaminff  Process  for  Ties  and  Timbers. 

Air  Pumps  vs.  Hydraulic  Pumps  for  Injecting  Preservatives  into  Wood.. 

F.    J.    Anqibb 

Effect  of  Varying  the  Preliminary  Air  Pressure  in  Treating  Ties  Upon 

the  Absorption  and  Penetration  of  Creosote Clydb  H.  Tbbsdalb 

Mechanical  Handling  of  Bailroad  Cross-Ties  and  Timbers  at  Timber  Pres- 
ervation  Plants Lambbrt  T.   Ericbon 

Discussion  of  Preceding  Paper F.  J.  Anoibb,  J.  H.  Watbbman, 

William  A.  Fisher,  Amos  Smith,  and  Cabl  G.  Cbawpobo.  • 

Tram  Cars  and  their  Construction... J.  H.   Gbow 

Methods  of  Keeping  Tie  Records .*__E.   T.   Howbon 

Yale  Forest   SchooL ^ Samuel  J.   Record 

Address  of  George  S.  Wood,  of  the  Forest  Products  Exposition. 
Quantity  of  Wood  Preservatives  Consumed  and  Amount  of  Wood  Treated 

in  the  United  SUtes  in  1918 Clabk  W.  Gould 

Timber-Treating   Plants   in   North   America. W.   F.   Goltba 


1915 
Economical  Uie  of  Steam  in  Connection  with  Wood-Preserving  Plants... 

A.      M.      LOCKETT 

Discussion  on  Plant  Operation , Samuel  T.  Pollock 

Strength   and   Quality  of   Zinc   Chloride  per   Tie  or   per   Cubic   Foot  of 

Timber W.    F.    Goltba 

Discussion  on  the  Economical  Uie  of  Steam M.  K.  Tbumbull 

Discussion  on  Leaching  of  Zinc  Salts  and  Effects  of  Improper  Drainage.. 

F.    J.    Anoieb 

Some  Suggestions  for  the  Welfare  of  the  Association Chas.  C.  ScHNATTBBBBCK 

Temperature  Changes  in  Wood  Under  Treatment... Gborob  M.  Hunt 

Discussion  of  Temperature  Changes  in  Wood  Under  Treatment H.  M.  Rolunb 

Discussion   of  Steaming  Ties J.    B.    Card 

Final  Inspection  of  Timber ...C.  M.  Taylor 

A  Voice  from  the  Pacific  Coast H.  E.  Horbocks 

Specification  for  a  Coal-Tar  Creosote  Solution 

Db.  Hbbmann  von  Schbenk  and  Alfred  L.  Kammbrbr 

Discussion  of  a  Specification  for  a  Coal-Tar  Creosote  Solution 

V.  K.  Hendricks,  P.  C.  Reilly  and  J.  C.  Wiluamb 

Air   Seasoning   of   Cross-Ties A.    H.    Noyes 

Method    of    Buying  and    Inspecting   Ties    Produced    along   the   Right   of 

Way W.    F.    Goltba 

Discussion  of  Air  Seasoning  of  Cross-Ties.. .Samuel  J.  Record  and  Wm.  A.  Fibheb 

Method  for  Finding  the  Annual   Charge  for  Ties 

- ..Habbinqton  Emebbon  and  T.  T.  Boweb 

SiB  Ties F.   J.   Anqieb 

Discussion  of  a  Method  for  Finding  the  Annual  Charges  for  Ties 

— - -.V.  K.  Hendricks,  W.  F.  Golhu,  C.  P.  Winblow 

Msehanieal  Life  of  Ties  as  Affected  by  Ballast E.  Stimbon 

Additional  Facts  on  Treated  Ties - J.   H.  Watebman 

Treated  Timber  for  Factory  Construction _ F.   J.   HoxiE 


Digitized  by  LjOOQ IC 


580  Seventeenth  Annual  Meeting 

1915— (Concluded) 

Comparative  Toxicity  of  Coal-Tar  Creosote  and   Creosote  Distillates  and 


of  Individual  ConstituenU  for  the  Marine  Wood-Borer,  Xylotrya. 


L.   F.  Shackbll 

Discussion  of  Sill  Ties Samuel  T.  Pollock  and  Habrinoton  Embbsom 

Destruction  of  Timber  bjr  Marine  Borers E.  S.  Christiaic 

Discussion  of  Precedinsr  Article— _ J.  C.  Williams 

Attaclc  of  Marine  Borera  on  Creosoted  Material T.   G.   Townsbot) 

Laboratory  Analysis  after  Treatment  versus  Actual  Record  During  Treat- 
ment of  Creosoted  Wood  Pavins  Blocks Frank  W.  Chbbbinoton 

Discussion  of  Report  on  Wood-Block  Paving E.   R,  DvTton 

Bleedins  and  Swelling  of  Paving  Blocks Clydb  H.   Tbbsdalb 

Discussion  of  PreeediuB  Article L.  E.  Hbsb  and  E.  R.  Dutvon 

1916 

Proffress  in  Timber-Treatins  Industry J.  W.  Kbndrickb 

Creosoted  PiUnsr  and  Poles Fbank  W.  Chbbbinoton 

Methods  of  Creosotins  Douflrlms  Fir  Timbers O.   P.  M.  Gcss 

Vacuum  Process  in  Creosotins .- John  D.  Ibaaos 

Notes  on  Measurini;  Devices  and  on  Methods  of  Determining  Cubical  Con- 
tents per  Charse C.  W.   Lanb 

Selecting   and   Buying   Fuel W.    H.    Gbadt 

Foreiffn   Creosote   Oil  Situation _ G.   A.   Lbmbckb 

Woods   Suitable   for   Cross-Ties R.    Van    Mbtbb 

Quantity  of  Zinc  Chloride  per  Tie  or  per  Cubic  Foot  of  Timber,  and  Meth- 
od of  DetermininflT  the  True  Strength  of  the  Solution W.  F.  Goltba 

liarine  Borers  from  the  Wood-Preservers'  Standpoint. Db.  L.   F.  Shackbll 

Preservative  Specifications  for  Wood  Pavins  Blocks A.  E.  Labkin 

Funffi  which  Grow  on  Untreated  Ties  or  Untreated  Wood Db.  H.  von  Schbbnk 

Treated  Wood  Bk>ck  for  Factory  Fk>orinff  and  Miscellaneous  Uses.C.  H.  Tbbsdalb 
Service  Tests  of  Wood-Block  Pavins. 

Woods  Suitable  for  Cross-Ties Cablilb'  P.  Winblow  and  John  A.  Nbwun 

Conservation  of  our  Natural  Resources F.   H.    Nbwbll 

Service  Tests  of  Cross-Ties. 

Durability  Records  of  Cross-Ties Cablilb  P.  Winslow  and  C.  H.  Tbbbdalb 

Service  Tests  of  Bridse  and  Structural  Timber. 

Revision  of  the  Constitution John  Folbt 

Quantity  of  Wood  Preservatives  Consumed  and  Amount  of  Wood  Treated 

by  Wood-Preservinff  PlanU  in  the  U,  S.  in  1915 R.  K.  Hblphbnstinb.  Jb. 

U.  S.  Patents  on  Wood  Preservation. D.  D.  Bbbolzhbimbb 

Bibliosrraphy  of  Wood-Borins  Crustaceans Dr.   F.   Moll 

1917 

Principal  Processes  Used  in  the  United  States. 

Service  TesU  of  Cross-Ties... P.  R.  HiCKS 

Service  Tests  of  Treated  and  Untreated  Posts  and  Poles. 

Method  of  Measuring  Quantities  of  Preservatives  Used  and  the  Making  of 

Inventories August    Mbybb 

Plant   Records August   Mbybb 

Methods  of  Determining  Cubic  Feet  of  Wood  in  a  Charge August  Mbybb 

Calculating  the  Volume  of  Poles  and  Piles Geo.  M.  Hunt 

Fud  and  Power  Consumption  Control A.  M.  Lockbtt 

Method  of  Analysis  of  Zinc  Chloride. 
Specifications  for  Preservative  Oils. 

Specifications  for  Creosote -Ellis    R.   Dutidn 

Creosote    Supply Wm.    A.    FiSHBB 
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Pavins  Oil  Specification  Proposed  by  the  Joint  Committee  of  the  Amer- 
ican Society  for  Teetins  Materials.  American  Society  for  Municipal 
Improvements,  Southern  Pine  Association,  American  Sodety  of  Civil 

Ensrineers,  and  the  American  Wood-Preservers'  Association E.  Batbmam 

The  Bad  and  the  Good  in  Handling  of  Wood.  .J.  H.  Watbrmam  and  Gm.  E.  Rbx 

Grouping  of  Ties  for  Treatment Carlilb  P.  Winslow 

Treatment  of  Timber F.    8.    Poolbr 

Seasoning:  Timber .JL   H.   Rawbom 

Tie   Supply O.   C.    Stunmaybb 

Service  TesU  of  Wood-Block  Paving. 
Specifications  for  Creosoted  Wood-Block  Paving. 

Treatment  of  Wood  Paving  Bk>ck Clym  H.  Tsmoalb  and  John  A.  Nbwun 

Quantity  of  Wood  Treated  and  Preservatives  Used  in  the  United  States 

>»    1W« R,    K.    HBLPHBN8TINB.    JiU 


1918 

Labor  Conditions ^ E.  T.  HowsoN 

Conditions  in  the  Tie  Market  and  Present  Sources  of  Supply 

P.  J.  ANQua,  E.  H.  BowsBB,  W.  H.  Cluton,  John  Folby,  M.  J.  Frbnch, 
A.  R.  JoYCB,  A.  L.  KuBHN,  H.  H.  MooKi,  F.  S.  Poolbb,  M.  T.  Shanbsby, 
P.  R.  Walsh,  J.  H.  WAtuMAN. 

Fire  Protection  as  Applied  to  Wood-Preservinsr  Plants J.  G.  Hubbbll 

Creosote  Supply R.  EsAU,  E.   B.  Fulks,  G.  A.  Lbmbckb 

Causes    and    Prevention    of    Failures    of    Creosoted    Wood-Block    Factory 

Floors - L.    T.    Ebicson 

Condition  of  Creosoted  Wood-Bk>ek  Pavements  in  Mobile,   Ala.,   Shreve* 

port.  La.,  and  a  Number  of  Texas  Cities C.  H.  Tbbsdalb 

Relation  Between  Average  Life  of  Ties  and  Percentage  of  Renewals 

— Mabbl    E.    Thobnb 

Effect  of  the  War  on  the  Supply  of  Timber  of  Various  Sizes 

Db.    H.   von   Schbbnk 

Vohime-Temperature  Correction   for  Creosote   Oil  Measurement 

— S.   R.   Church   and  J.   M.   Wbisb 

New  Expansion  Factors  for  Measuring  Mixtures  of  Creosote  Oil  and  Tar, 

Db.   a.   L.   Kammbrbb 


1919 

The  Use  of  Cylinder  Heater  Coils  Durinsr   Vacuum W.   H.   Gbady 

Plant  Records. 

Fuel  Economy  in  Boiler  Plants -- - Joseph  W.  Hays 

Report  of  Committee  on  Wood  Block  Pavin? Waltbb  Bubhlbb,   Chairman 

Surface   Tension   of   Wood-Preservinsr    Oils   as   Factors   in   Protection   of 

Marine    Borers Dr.    L.    F.    Shackbll 

Wood-Block  Paving  Experiments ..C.  H.  Tbbsdalb  and  J.  D.  BIacLban 

Preservative    Materials    Situation 

J.  H.  Jordan,  G.  A.  Lbmbckb,  W.  N.  McIlravy,  Dr.  Hbrhan  von  Schrbnk. 

Galbn  Wood. 
Treatment  of  Timber  for  Car  Construction. 
Butt  Treatment  of  Poles. 

Car  Situation. _— E.   H.   Db  Groot,  Jr. 

Apparent  Relation  Between  Rainfall  and  the  Durability  of  Zinc  Treated 

Cross-Ties C.   H.   Tbbsdalb  and  S.   W.   Allbn 

Tie   Service    Test   Records J.    H.    Watbrman 

U.  S.  R.  A.  Specifications  for  Cross-Ties John  Folbt 

Forestry  in  Europe Nblson   C.   Brown 
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1920 

Samplinff  Creosote  Oil  in  Tank  Can  for  Determination  of  Water. 

What  Liffht  Creoaote  Oils  have  done  in  Wood  Preservation Brnbbt  Bateman 

Perforating  Proecsa  and  its  Meehanieal  Application Edmund  M.  Blau 

Penetratloa  of  Creosote  in  Various  Sises  of  Sawed  Lumber  and  Round 

Piling R.    H.    RAW80M 

Experiments  on  the  Soaking  of  Cedar  Poles  in  Water  or  Zinc  Chk>ride.. 

- J.    D.    BuBNn 

Laboratory  Experimente  to  Determine  the  Loss  of  Creosote  by  Evapora- 
tion from  Open-Tank  TreatmenU Ernbst  Batsmam  and  G.  G.  Town 

Determination  of  Water  in  Creosote  Storase  Tanks W.  E.  Jackson 

Catakwue  of  Service-Test  Records  of  Ties. 

Tie  Service  Teste  of  the  Lackawanna  Railroad  of  New  Jersey. 

Report  on  Creosoted  PQing  Removed  from  Long  Wharf,  Oakland,  California. 

Theoretical  Effect  of  the  Use  of  Treated  Cross-Tics  Upon  the  Annual 

Cross-Tie    Requircmente Lowby    Smith 

Iodine-Potassium    Ferricyanida-Stereh    Cok>r    Reaction    Test    for    Deter- 
mining Zinc  Chloride  Penetration Galbn  Wood 

Separation  of  Cross-Ties Huntb  J.   von   Lna 

Mechanical  Handttng  of  liateriaL 

Unusual  Climatoloffical  Conditions  in  the  Southwestern  Region  as  Affect- 
ing Pine  Cross-Ties  in  1919 C.   O.  Dbablbs 

Decay  of  Ties  in  Storage. C.  J.  Humphbby 

A  Theory  on  the  Mechanism  of  the  Protection  of  Wood  by  Preservatives 

EkNUT     Batbman 

Effect  of  Preliminary  Steaming  in  the  Treatment  of  Air-Seasoned  Ties.. 

- S.    S.    Watkins 

Solving  the  Ralhroad  Problem Samub.  O.  Dunn 

Standardizing  Organisation  of  Timber-Preserving  Plante. 

Framing  the  Timben  for  a  Howe  Truss  Bridge  before  Treatment M.  L.  Vail 

Effectual  Segregation  of  Paving  in  Street  Railway  Car-Track  Areas  Through  the 
Medium  of  Creosoted-Wood  Stretcher  Blocks. 

Specification  for  Creosoted  Douglas  Fir  Paving  Block. 

QuanUty  of  Wood  Treated  and  PreservaUves  Used  in  the  United  Stetes 

in  1919 R.  K.  HBLPBNsnNB.  Jb. 
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Report  of  San  Francisco  Bay  Ma- 
rine   Pilins    Committee 889 
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Wood-Block — Continued 
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Effect  of  Temperature  on  Gravity 61 
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Barrett  Creosote  Oil 

For  Pressure  Treatment 

Barrett  Paving  Pitch 

The  best  filler  for  the  joints,  of  brick, 
granite  and  wood-block  pavements 

Barrett  Carbosota 

Liquid  Creosote  Oil  for  Surface 
and  Open  Tank  Treatments 

If  you  will  write  to  the  nearest  office  regarding  your 
wood  preserving  problems,  the  matter  will  have  the 
prompt  attention  of  experienced  engineers.  This  service 
is  free  for  the  asking. 

Company 


New  Yoik  Chicago 

Clerelaiid  Gncinnati 

Birnungham  Kansas  City 

Syracuse  Seattle 

Salt  Lake  Gty  Bangor 

Youngstown  Milwaukee 

Latrobe  Bethlehem 

Omaha  Houston 

THE  BARRETT  COMPANY.  Limited:        Montreal         Toronto         Winnipeg 
Vancouver  St.  John.  N.  B.  Halifax.  N.  S. 


Philadelphia 
Pittsburg 

Boston 

St.Louu 

Detroit 

New  Orleans 

Minneapolis 

DaUas 

Nashville 

Peoria 

AtlanU 

Duluth 

Washington 

Johnstown 

Lebanon 

Toledo 

Columbus 

Richmond 

Elizabeth 

Buffalo 

Baltimore 

Denver 

Jacksonville 
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Coal  Tar  Products 

Creosote  Oil 


for  wood-preserving 


Coa\  Tar 

for  water-proofing 


WbodPreserver 

For  Brush  and  Open  Tank  Treatment 


Si,  Loab,  Mo. 

Milwaukee,  Wis. 

YoungMloWn,  Ohio 

Birmingham,  Jila. 

SUubenviUe,  Ohio 

LouMUe.Ky,  INC 

c2±:fL.  CHICAGO 


American  Tar 
Products  Co., 
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Walter  Waugh  &  Co. 

4  Lloyds  Avenue 
London  B.  C.  3,  England 

Cable  Address :     **  8WALTAUOH  *' 

Codes  Used:     A.  B.  C.  Oth  and  6th  Editions;  Bentley*s, 
Western  Union,  Lleber*s,  8cott*s. 

CONTRACTORS  TO  THE  BRITISH  ADMIRALTY  AND 
BRITISH  RAILWAYS,  ETC. 


We  Can  Supply 

IN  ANY  QUANTITIES 

CREOSOTE  OIL 

Bulk  shipments  in  tank  steamers  or  in  barrels  to 
meet  all  specifications 

also 

ZINC  CHLORIDE 

or  any  other 

COAL-TAR  PRODUCT 

suitable  for  timber  impregnating. 


Inquiries  solicited  at  above  address. 
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F.  J.  LEWIS  MFG.  CO. 

DISTILLERS 

COAL  TAR  PRODUCTS 
We  Manufacture 

Creosote  Oil 

to  meet  all  Specifications 

USE 

LEWIS  UQUID  CREOSOTE  WOOD-PRESERVER 

for  Open-Tank  or  Brush  Treatment 

ALSO 

LEWIS  PITCH  FILLER 

(for  Creosote  Block-Pavements 


PLANTS  AT 

Chicago,  III.  Canal  Dover,  Ohio 

Moline,  111.  Chattanooga,  Tenn. 


Southern  Creosoting  Co.,  Ltd. 

SLIDELL,  LA. 

Capacity,  20,000,000  Feet  Annually 

A  thoroughly  modem  plant  for  the  preservation  of  wood 
by  the  injection  of  dead  oil  of  coal  tar.  Located  in  the 
heart  of  the  yellow  pine  timber  belt. 

Creosoted   Material 

including  Telephone  Poles  and  Cross-Arms,  Heavy  Tim- 
bers and  Piling,  Lumber,  Paving  Blocks  and  Ties. 

We  make  a  specialty  of  Cross-Arms,  and  can  handle  large 
orders  with  the  utmost  promptness.  *  x 

rr    PAYS    TO    USE    CREOSOTED    MATERIAL 
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GRASSELLI 
ZINC  CHLORIDE 

Fused  arid  50  per  cent  Solution 

For 

Timber  Treating  Industry 


MtUHmillHHIIIIHIHHIl 


A  large  producing  capacity 
at  Grasselli,  Indiana,  and 
Cleveland,  Ohio,  under 
thorough  chemical  control 
insures  prompt  shipments 
of  high  grade  uniform 
product     -:-     -:-     -:-     -:- 


IIIIIIIIIIIIIIIIIIIIIMIIIIHI 


The  Grasselli  Chemical  Co. 

CLEVELAND,  OHIO 
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GENERAL  CHEMICAL  CO., 


112  West  Adams  Street 
CHICAGO 


Manufacturers   of   Pure 

Chloride  of  Zinc 


Specially  Adapted  to  Timber  Preseryation 


Gress  Manufacturing  Company 

Hewn  Cross  Ties,  Yellow  Pine 

Railroad  Lumber   and 

Gulf  Red  Cypress 

Member  Southern  Cypress  Manufacturers'  Association 
JACKSONVILLE,  FLA. 


SALES  OFFICES: 

NEW  YORK 185  Madison  Ave. 

BOSTON,  MASS.    -    -    -    236  Old  South  Building 
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CREOSOTED  MATERIALS 

Railroad  Cross  Ties 

Paving  Blocks  Piling 

"Toxilineum" 

Jl  Wood  'Preserving  Oil 

Anthracene  Naphthalene 

The  Kettle  River  Comjpany 

MADISON,  ILLINOIS 


Chas.  R.  McCormick  &  Company 

DOUGLAS  FIR  CROSS  TIES 
CAR  MATERIAL  BRIDGE  TIMBERS 

MILLS  AT  ST.  HELENS,  OREGON 

Daily  Capacitr  800,000  Fe«t 


Shipments  by  Rail  to  Steamer  Shipmeali  to 

Any  Point  in  the  United  States        Principal  Atlantic  Coast  Ports  via  Panama  Canal 

We  have  one  of  the  Largest  Creosodng  Plants  on 
the  Pacific  Coast,  located  at  St.  Helens.  Oregon, 
and  can  supply  Creosoted  Material  if  desired 


SEND  US  A  TRIAL  ORDER 


912-17  TcM  Mlikt  900  Fif«  B«Uia| 

Portland,  Oregon  San  Francisco 
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GRANT  B.  SHIPLEY 

Engineer 


specialty;:  Supervising  the  Engi- 
neering, Construction  and  Operation 
of  Complete  Timber-Treating  Plants 


Century  Building     -     PIHSBURGH,  PA. 

Wood  Preserving  Cars 

Any  Design 

For 
treatinf 

Ties,  Also 

Piles,  structural 

Pavinjr  Steel 

Blocks 

for 
Buildinrs 

Heavy 
Timber 

STUPP  BROS.  BRIDGE  AND  IRON  CO., 

FRISCO  BLDG.,  ST.  LOUIS,  MO. 
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Atlantic  Creosoting  and  Wood 
Preserving  Works 

NORFOLK,  VIRGINIA 

This  thoroughly  modem  plant  equipped  with  three  cylinders  and 
latest  appliances  for  the  treatment  of  piles  and  timber  with  Creo- 
sote Oil  or  other  presenratives  is  situated  Immediately  on  Norfolk 
harbor,  with  unequalled  facilities  for  shipping  via  rail  or  water. 
We  solicit  your  inquiries,  assuring  our  customers  lowest  possible 
prices  consistent  with  specifications  and  prompt  delivery. 

R.  D.  PARROTT,  General  Manager,  NORFOLK,  VA. 

ROBERT  W.  HU^4T  JNO.  J.  CONE  D.  W.  McNAUGHER 

ROBT.  W.  HUNT  &  CO. 

ENGINEERS 

Inspectiim,  Tests  and  Consultations 

Analysis  of  Creosote  and  other  Preservatives  in  our 
own  Chemical  Laboratories 

LUMBER  INSPECTION 

Before,  During  and  After  Treatment  by  our  own 

Inspectors      Permanently     Located 

at    Treating    Plants 


Chicago       New  York       Pittsburgh       St.  Louis       San  Francisco 
New  Orleans  Jacksonville  Montreal 


Creosoting  Retorts 

Slightly  Used. 
Subject  to  your  inspection. 
Priced  to  move  promptly. 

J.  A.  PARKINSON, 

1510  COMMERCE  BUILDING 
KANSAS  CITY,  MO. 
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Joyce-Watkins  Co. 

RAILWAY  TIES 


TREATED  BY 

The  Creosote, 
Chloride  of  Zinc  and 
Zinc-Creosote  Processes 


Plant  Located  at  Metropolis,  DL 


332  South  Michigan  Avenue 
CHICAGO 
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We  have  a  modem,  two-cylinder  plyit  on 
the   Passaic   River   at   NEWARK,    N.   J. 


We  can  make  Prompt  Delivery  of 


Creosoted  Ties 
Wood  Paving  Blocks 
Lumber  and  Piling 


We  invite  correspondence  concerning  the  value 
of  treated  material  for  permanent  construction 


nilllllllllil!llil!llllill]!llllllllilllllllillllllll!ll!lilll 

American   Creosoting   Company 

17  BATTERY  PLACE,  NEW  YORK 
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WOOD  PRESERVERS  SINCE  1878 

EPPINGER  AND 

RUSSELL  CO. 

MAIN  OFFICE— 165  BROADWAY,  NEW  YORK 

Creosoted 
Lumber      Piling      Ties 

Export   Orders   Solicited 
Water  or  Rail  Shipment 

Also  Dealers  in 

UNTREATED    YELLOW    PINE 

LUMBER    AND    TIES 

Works  at 

JACKSONVILLE,  FLA. 
LONG  ISLAND  CITY,  NEW  YORK 
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If 


1  io  WOOD  mwm  mm 

Y 


Grant  B.  Shipley.  "President 


TREATMENT  OF  TIMBER 

WITH   CREOSOTE  OR  ZINC  CHLORIDE 
BY  ALL  PROCESSES 


TREATING   PLANTS: 
Broadford  Juncdon,  Pennsylvania 
Orrville,  Ohio 
Reed  Gty,  Michigan 


GENERAL  OFFICES: 

CeDturx  Building 

Pittsburgh,  Pennsylvania 
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Pacific  Creosoting 
Company 

Largest  Creosoting  Plant  in  the  West        ' 

Creosoted  Douglas  Fir 


Piling        Mine  Timbers        Cross- Arms        Lumber 

Bridge  Timbers  Paving  Blocks 

Railroad  Ties        Conduit 

Stave  Pipe 


Equipped  for  Rail  or  Cargo  Shipments 


OFFICE: 
Northern  Life  Bldg.         -  -          Seattle,  Wash. 

WORKS: 
Eagle  Harbor,  Wash. 
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National  Lumber  and 
Creosoting  Co., 

Texarkana,  Texas 


Ties,  Bridge  Timbers,  Piling,  Poles, 
Fence  Posts  and  Paving  Blocks 


Full  Bumettized  Creosoted 
Butt  Poles 


Equipped  for  the  Treatment  of  Timber  with 
Various  Processes 


TREATING  PLANTS: 

Texarkana,    Houston, 

Kansas    City 


OFFICES: 

Texarkana,  Texas  -  -  Houston,  Texas 

Kansas  City,  Mo. 
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JOHN  SEALY.  Prwid«at 

R.J.CALDER  R.  L.  ALLARDYCE 

Vic«-PrMid«Bt  mnd  Gen.  Mgr.  GMMral  Svp^riatmidaBt 

H.  A.  WEST  E.E.BOEHNE 

S«cr«tarT-Tr«Marer  Maaac«r.  S«1m  DapartmMit 

International  Creosoting 
i  Construction  Company 


TIES  PAVING  BLOCKS 

SWITCH-TIES  PILING 

BRIDGE  TIMBERS  POLES 

BARGE  SHEATHING  CROSS-ARMS 

LUMBER 

Plants  Equipped  for  all  Processes. 
Shipments  by  Rail  or  Water. 

We  are  in  a  position  to  do  all  classes  of  Framing 

before  treatment.    Western  Union,  A.  B.  C. 

and  American  Lumberman  Telecode 

General  Office Galveston,  Texas. 

LOCATION  OF  PLANTS: 
Galveston,  Beaumont,  Texarkana,  Texas. 

Combined  Capacity,  100  Million  Feet  B.  M. 

Address  all  Communications  to  General  Office 
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Indiana  Tie  Company 

EvansviUe^  Indiana 


Railroad  Ties  and  Timber, 
Treated  by  Chloride  of  Zinc, 
Zinc-Creosote  and  Creosote 
Processes     -:-     -:-     -:-     -:- 


Ties  and  Timber  Treated  by  the 
Cecil- Williams  Process 
Without  Extra  Charge     -:-     -:- 


Manufacturers  of  White  Oak 
Chestnut  and  Treatment  Ties. 


TIMBER-PRESERVING  WORKS: 
Joppa,  Illinois.  Evansville,  Indiana 

GENERAL  OFFICES: 
Citizens'  National  Bank  Bldg.,  Evansville,  Indiana 
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Commercial  Treating 
of  AU  Kinds 


T^lants  Located  at 


Gurbondale,  Illinois 
Grenada,  Mississippi 
Argenta,  Arkansas 


Ayer  &  Lord  Tie  Co. 

{^Incorporattd) 
Railway  Exchange  CHICAGO 
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IHA  ZmC-CREOSOTIi  CiPANY 

JOS.  B.  CARD,  President 

Zinc-Creo8oted 
Railroad  Ties 

FENCE  POSTS  AND  SfflNGLES 
CARD  PROCESS 

Have  your  ties  treated  with  a  mixture  of  zinc  chloride  and  cre- 
osote-oil, injecting  any  quantity  of  each  of  these  standard 
preservatives.  There  is  a  reason.  Let  us  tell  you  about  it. 
Address  in  care  of  plant. 

TERRE  HAUTE,  IND. 

G[ll!liAl  GREOSOTIIIG  COMPANY 

Conway  Building 
111  West  Washington  Street 
CHICAGO 

Creosoted  Paving  Blocks 
Creosoted  Lumber 
Creosoted  Ties  and  Timber 


We  are  in  a  position  to  give  first-class  service,  and 
solicit  your  inquiries 
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St  Helens  Creosoting  Company 

912  Yeon  Bldg.      .      -      -      -      Portland,  Oregon 

Creosoted  Douglas  Fir 

Lumber,  Ties,  Piling,  Poles,  Bridge  Timbers, 
Cross  Arms,  Stave  Pipe. 

Newest  and  Most  Modem  Creosoting  Plant  West  of 
the  Rocky  Mountains 

With  Direct  Connections  for  both 
Rail  and  Water  Shipments 

Plant  Located  St.  Helens^  Oregon 

Colman  Creosoting  Works 

THE  J.  M.  COLMAN  COMPANY 
573  Colman  Building         -         Seattle,  Washington 

Thoroughly  Modem  Plant  Equipment 

HANDLING 

Creosoted  Piles 
Timber  and  Ties 

PLANT  LOCATED  AT 
Raihroad  Ave.  &  27th  Ave.  S.  W^      Seattle,  Wash. 
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The  Stamp  of  Character 

Even  before  those  early  days  when  cattle 
were  branded  with  a  hot  iron  as  a  mark  of 
ownership,  the  brands  of  timbermen  were 
recorded  under  public  license  to  indicate 
ownership  of  logs,  ties  and  lumber.  These 
brands  soon  developed  much  more  signif- 
icance than  the  mere  indication  of  personal 
property  rights.  By  degrees  they  became 
stamps  "of  character,  good  or  bad,  depending 
upon  the  men  who  used  them. 

For  over  a  quarter  of  a  century  the  brand 
of  the  T.  J.  MOSS  TIE  COMPANY  has  been 
an  assurance  to  all  men  that  the  product 
bearing  this  stamp  has  been  hohestly  made, 
rightfully  acquired,  and  fully  paid  for.  It 
has  meant  during  all  this  time  much  more 
than  true  and  lawful  ownership  only. 

The  railroads  of  our  country  are  now 
using  millions  of  cross  ties  that  bear  this 
mark  of  square  dealing,  faithful  contract 
performance,  and  the  placing  of  honest 
principles  at  a  higher  value  than  any 
possible  profit. 

T.  J.  MOSS  TIE  COMPANY 

SAINT  LOUIS 
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Timber-Treating  Cylinders 
Cars  and  Tanks 


Timber-treating  Cylinder  Ready  for  Shipment 

We  Design,  Build  and  Install  Complete 
Timber-Treating  Plants. 


Tie  Car,  Strong  and  Rigid — ^Built  for  Hard  Service 

AUis-Chalmers  M  anuf  acturing  Co. 

GENERAL  OFFICE,  MILWAUKEE,  WIS. 

Offices  in  all  principal  cities. 
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JOHN  J.  COONEY,  Pre:  CABLE  ADDRESS 

HENRY  J.  ECKSTEIN.    Viee-Prea.  COONECK 

CARROLL  T.  COONEY,  Ste'y  and  Treag.  

CODES 
SOUTHARD'S— LIBBER'S 

CooHcv>  €cR$tcin  $1  Co. 

INCORPORATED 

Yellow  Pine  Lumber 
and  Railroad  Ties 

We  make  a  specialty  of  all  classes 
of  Ties — ^Yellow  Pine,  (Hearts  and 
Saps),  Red  Oak,  White  Oak, 
Cypress  and  Gum. 

302  Broadway    -    -    -    NEW  YORK 

BRANCH  OFFICES: 

Jacksonville,  Fla« Bisbee  Building 

Chicago,  111. Republic  Building 

Boston,  Mass. 113  State  Street 

Mobile,  Ala City  Bank  BuUding 

SHIPPING  PORTS: 

Brunswick,  Ga«        Femandina,  Fla.        Tampa,  Fla. 

Galveston,  Texas  Pensacola,  Fla. 

New  Orleans,  La. 
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SOUTHERNWOOD  PRESERVING  CO. 

Creosoted  Paving  Blocks,  Conduit,  Cross- Arms 
Fence  Posts,  Poles,  Ties,  Piling  and  Timber. 

Eastern  Sales: 
THE   ROOD  COMPANY  ATI   AWT  A      A  A 

Century  BIdg.       Pittsburgh,  Pa.  A  I  LAIN  I  A,  UA. 


American  Creosote   Works 

New  Orleans,  La.  (Station  B) 

Creosoted  Cross- Anns,  Lumber,  Paving  Blocks,  Piles,  Poles  and  Tics. 

Private  free  wharf  for  ocean  vessels  at  New  Orleans. 
Capacity,  I  GO  million  feet  board  measure  annually. 

Plants  at :  New  Orleans,  La.,  and  Louisville,  Miss. 
PUBLICATIONS 

OF  THE 

Am^rtrmt  Waah-'^rtBtntrB*  ABBoriation 

PROCEEl>INGS 

PRICES 
YEAR  CLOTH  PAPER 

1912  $1.00  $  .75 

1913  1.00  .75 

1914  1.50  1.10 

1915  2.00  1.50 

1916  2.50  1.90 

1917  3.00  2.25 

1918  3.50  2.60 

1919  4.00  3.00 

1920  5.00  3.75 
(Special  prices  will  be  quoted  to  mombon) 

THE  DECAY  OF  TIES  (1920)— 35  pages,  58  UluitratioDi.  bound 

in  flexible  leatherette $1.25 

HANDBOOK  ON  WOOD  PRESERVATION  (1916)— 75  pages. 

cluth  bound $0^5 

These  publications  may  be  obtamed  from  the  SECRETARY,  Box  375, 
Madison,  Wit.,  while  the  supply  lasts. 
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A  The 

Willingnes  Equipment 

To  To 

Serve  Serve  Well 


OiTi  1/      CREOSOTE  OILS 
OULIi  ANTHRACENE  OILS 

to  any  desired  specification 

AMERICAN  and  IMPORTED 


Works:     KENILWORTH,   N.  J. 

Standardized  Preservatives 
For  Surface  Treatments 

Prolexol  No,  I.     A  refined  chemical  product. 

Protexol  No.  2,     Heavy  anthracene  oil  (Carbolineum  type). 
Neosote,     Light  anthracene  oil. 

MAY    WE    8BRVB    YOU? 

Protexol  Corporation 

Successor  to  Carbolineum  Wood  Pretetvirtg  Co. 

31  Barclay  St.,       New  York,  U.  S.  A. 
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Do  You  Know — 

How  Timber  is  Infected? 

Why  Wood  is  Rotted? 

What  Conditions  Favor  Decay? 

Do  You  Know — 

When  a  Tie  is  Infected? 
What  is  the  Danger  Signal? 
How  You  Can  Learn  ? 

Vhese  and  other  practical  questions  are  answered  in 

"The  Decay  of  Ties" 

By  C.  J.  HUMPHREY 

THIRTY-FIVE  PAGES  BOUND  IN  FLEXIBLE  LEATHERETTE 

PRICE  $1.25 

THIS"Field  Book*' gives  practical  information  on  wood-destroying 
fungi,   explaining  how  timber   is   infected,  the  process  by 
which  wood  is  rotted,  and  the  conditions  for  fungus  growth 
which  favor  decay.    This  information  is  presented  from  the  stand- 
point of  those  producing  or  handling  ties. 

Thirty-five  of  the  more  common  fungi  likely  to  be  found  on  hard- 
wood and  coniferous  ties  in  the  central  and  north -central  United 
States  are  illustrated,  together  with  their  effect  on  the  wood.  Eight 
full-page  plates  (three  of  them  in  colors),  fifty-eight  illustrations  in 
all,  are  presented. 

Brief  descriptions  of  all  the  fungi  illustrated,  with  information 
as  to  their  relative  decay-producing  power,  are  given,  and  a  simple 
key  covering  them  is  presented  for  field  use  in  their  identification. 

For  sale  by  the  Secretary 

Am^riran  Waoh-l^rtBtmm 
Afiaoriattott 

Box  375,  Madison,  Wi*. 


Digitized  by  VjOOQIC 


Digitized  by  LjOOQ IC 


Change  of  Address 


Secretary,  American  Wood-Preservers'  Association, 

Box  375,  Madison,  Wis. 
Please  change  my  address  to 


19 


Name 

Position — 

Rrm  Name- 


Business  Address- 
Home  Address 


Forward  mail  to    h^addr^  (•*•*«  ^'*'<*  •<•*«•>. 
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